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SUmARY
1 ) Growth o f  C ephalosporium  acremonium was su pp orted  by a 
v a r i e t y  o f  carbon s o u r c e s  ran g in g  i n  c o m p le x i ty  from g lu c o s e  
to  n a t i v e  c o t t o n .  Growth on carboxym ethyl c e l l u l o s e  was how­
e v e r  l i m i t e d ,  b e l i e v e d  t o  be due t o  th e  m e ta b o lic  i n a b i l i t y  
o f  th e  organism  to  u t i l i z e  th e  s u b s t i t u t e d  p ro d u cts  o f  a t t a c k .  
A lth ou gh  v i a b l e  c u l t u r e s  o f  C.acremonium were ca p a b le  o f  
r a p id ly  s o l u b i l i z i n g  c o t t o n  b o l l  f i b r e s  w hich had n e v e r  been  
a llo w e d  to  d e h y d r a te , grow th  on d r ie d  c o t t o n  f i b r e s  was 
c h a r a c t e r iz e d  by th e  i n a b i l i t y  o f  th e  organism  to  produce  
co m p le te  f i b r e  s o l u b i l i z a t i o n .
2 )  S u b s t r a t e s  p o s s e s s i n g  J B - 1 ,4 -g ly c o s id ic  bonds produced  
enhanced t i t r e s  o f  c e l l u l o l y t i c  enzymes but were n o t  e s s e n t i a l  
f o r  enzyme i n d u c t io n .
3 )  C e l l - f r e e  e x t r a c t s  o b ta in e d  from such  c u l t u r e s  p o s s e s s e d  
a p p r e c ia b le  h y d r o ly t i c  a c t i v i t y  towards c e l l o b i o s e ,  CMC and 
a c id  s w o l l e n  c e l l u l o s e ,  but were c o n s id e r a b ly  l e s s  a c t i v e  on 
n a t i v e  c o t t o n  f i b r e s .
4 )  A lth ou gh  th e  p r e se n c e  o f  c e l l - b o u n d  c e l l u l a s e  enzymes was 
e s t a b l i s h e d ,  f u r t h e r  i n v e s t i g a t i o n  in d ic a t e d  t h e s e  components  
t o  be s i m i l a r  i n  t y p e ,  number and mode o f  a c t i o n  t o  th o se  
i s o l a t e d  from c u l t u r e  f i l t r a t e s .
5 )  F r a c t io n a t io n  o f  c e l l - f r e e  e x t r a c t s  r e s o lv e d  th e  c e l l u l a s e  
sy ste m  i n t o  th r e e  d i s t i n c t  enzymic components whose a c t i o n s  
o v e r la p p e d ,  and w hich  d i f f e r e d  m ain ly  i n  m o le c u la r  w e ig h t  and 
i n  t h e i r  r e l a t i v e  a f f i n i t y  f o r  s u b s t r a t e s  o f  v a r y in g  c o m p le x i t y .  
These c o n s i s t e d  o f  ( a )  a ^ - g l u c o s i d a s e  p o s s e s s in g  a m o le c u la r  
w e ig h t  i n  e x c e s s  o f  2 0 0 ,0 0 0  and a c t i v e  m ain ly  on s o l u b l e  low
DP s u b s t r a t e s ;  (b )  a CMC-ase w ith  a molecular* w e ig h t  o f
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a p p ro x im a te ly  45»0 0 0 , a c t i v e  on CMC and th e  h ig h e r  DP o l i g o ­
s a c c h a r id e s .  A lth ou gh  t h i s  component e x h ib i t e d  no h y d r o ly t i c  
a c t i v i t y  towards i n s o l u b l e  c e l l u l o s i c  s u b s t r a t e s ,  th e  enzyme 
was found to  p o s s e s s  s l i g h t  S - f a c t o r  a c t i v i t y  and to  be 
c a p a b le  o f  p rod u cin g  a d e t e c t a b l e  d e c r e a se  i n  th e  t e n s i l e  
s t r e n g t h  o f  c o t t o n ,  ( c )  C x - c e l l u l a s e , an enzyme w ith  a mol­
e c u l a r  w e ig h t  o f  about 1 1 ,2 0 0  w hich  e x h ib i t e d  l i t t l e  s u b s t r a t e  
s p e c i f i c i t y .  T h is  enzyme was r e s p o n s i b le  f o r  th e  a c t i v i t y  o f  
th e  organism  tow ards n a t iv e  c o t t o n ,  but was a l s o  c a p a b le  o f  
prod u cin g  e x t e n s i v e  h y d r o ly s i s  and d e p o ly m e r iz a t io n  o f  l e s s  
s t r u c t u r a l l y  com plex s u b s t r a t e s  and o l i g o s a c c h a r i d e s .
6 )  A l l  th r e e  components were found to  be complexed w i t h  
c a r b o h y d r a te .
7 )  V iscom etrjc  s t u d i e s  in d ic a t e d  th e  a c t io n  o f  th e  dep o lym er-  
i z i n g  CMC-ase and C x - c e l l u l a s e  components to  be end oenzym ic .
8 )  E n z y m e/su b s tra te  a f f i n i t y  d e te r m in a t io n s  r e v e a le d  a d e c r e a se  
i n  a f f i n i t y  as th e  s t r u c t u r a l  c o m p le x i ty  o f  th e  s u b s t r a t e  
i n c r e a s e d .  These r e s u l t s  s u g g e s te d  the e x i s t e n c e  o f  o n ly  a  
l i m i t e d  number o f  s i t e s  i n  n a t i v e  c o t t o n  f i b r e s  a c c e s s i b l e  or  
s u s c e p t i b l e  to  a t t a c k  by th e  C x - c e l l u l a s e .
9)  E v id en ce  o f  in c r e a s e d  c r y s t a l l i n i t y  i n  th e  r e s i d u a l  s h o r t  
f i b r e s  produced from n a t i v e  c o t t o n  by c u l t u r e s  o f  C.acremonium  
s u g g e s te d  th a t  su ch  s i t e s  c o n s i s t e d  o f  e s s e n t i a l l y  amorphous 
c e l l u l o s e .  E v id en ce  i n  support o f  t h i s  th e o r y  was p ro v id ed  by 
th e  o b s e r v a t io n  t h a t  amorphous un d r ied  c o t t o n  b o l l  f i b r e s  were  
c o m p le te ly  s o l u b i l i z e d  by t h i s  organism .
10) The e x t e n s iv e  but in c o m p le te  d e g r a d a t io n  o f  n a t i v e  c o t t o n  
by v i a b l e  c u l t u r e s  o f  C.acremonium was a c h e iv e d  w ith o u t  th e  
a id  o f  a Cl com ponent. S o l u b i l i z a t i o n  o f  th e  r e s id u a l  s h o r t  
f i b r e s  co u ld  be r a p id ly  com p leted  by a c u l t u r e  o f  T . v i r i d e .
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INTRODUCTION
CELLULOSE i s  th e  most abundant n a t u r a l l y  o c c u r r in g  o r g a n ic  compound, 
co m p ris in g  o n e - t h ir d  to  o n e - h a l f  o f  th e  bu lk  o f  a l l  dry v e g e t a t i o n .  
As th e  w orld *s  most p l e n t i f u l  ren ew ab le  r e s o u r c e  i t s  d e c o m p o s it io n  
p la y s  a v i t a l  r o l e  i n  th e  carbon c y c l e ,  r e p l e n i s h i n g  th e  a tm osph er ic  
carbon d io x id e  n e c e s s a r y  f o r  th e  c o n t in u a t io n  o f  p h o t o s y n t h e t ic  
p r o c e s s e s .  I t  i s  p o s s i b l e  th a t  sh o u ld  the n a t u r a l  d eco m p o s it io n  o f  
c e l l u l o s e  e v e r  c e a s e ,  t h i s  a tm osph er ic  carbon d io x id e  p o o l  co u ld  
be m a in ta in ed  a t  a s a t i s f a c t o r y  l e v e l  f o r  some time by th e  r e l e a s e  
o f  carbon d io x id e  d i s s o l v e d  i n  th e  ocean s end from c a r b o n a te s  i n  
marine s e d im e n ts .  Dead v e g e t a t i o n  u n ab le  to  r o t  would however  
q u ic k ly  accum ulate and su p p re ss  f r e s h  p la n t  grow th  w ith  d i s a s t r o u s  
co n seq u en ces  f o r  a grow ing w orld  p o p u la t io n .
The d e c o m p o s it io n  o f  c e l l u l o s e  i s  brought about m a in ly  by 
enzymes o f  m ic r o b ia l  o r i g i n ,  a l th o u g h  th e  organism s r e s p o n s i b l e  
f o r  th e  p r o d u c t io n  o f  t h e s e  enzymes may be a s s o c ia t e d  w i t h  an 
anim al sym biont as i n  the  c a s e  o f  ru m in an ts .  C e l l u l o l y t i c  m icro ­
organ ism s are however m o s t ly  f r e e - l i v i n g  and are w id esp read  i n  
n a t u r e ,  t h i s  d i s t r i b u t i o n  b e in g  a g r e a t  b i o l o g i c a l  b l e s s i n g  and 
a t  th e  same tim e a s e r i o u s  l i m i t a t i o n  to  the  u s e f u l n e s s  o f  a l l  
c e l l u l o s i c  m a t e r i a l s .  A lthough  most v e g e t a t i o n  i s  unused by man 
o r  a n im a ls ,  enormous q u a n t i t i e s  are  p r e s e n t  i n  m anufactured  
p ro d u cts  such  as t e x t i l e s ,  paper and b u i ld in g  m a t e r i a l s .  As 
c e l l u l o l y t i c  m icro -o rg a n ism s  are u n a b le  to  d i s t i n g u i s h  u s e f u l  
c e l l u l o s i c  m a t e r ia l s  from p la n t  d e b r i s ,  man has found i t  n e c e s s a r y  
t o  i n v e s t  huge sums o f  money i n  a t tem p ts  to  p r e v e n t  th e  d e g r a d a t io n  
o f  h i s  more e s s e n t i a l  c e l l u l o s i c  co m m o d it ie s ,  th e  main i n c e n t i v e  
behind many e a r ly  s t u d i e s  on th e  mechanism o f  d e g r a d a t io n  b e in g
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the  p r o d u c t io n  o f  e f f e c t i v e  i n h i b i t o r y  t r e a tm e n t s .  W hile  th e  
p r e s e r v a t i o n  o f  c e r t a i n  c e l l u l o s i c  m a t e r ia l s  i s  s t i l l  o f  c o n s id ­
e r a b le  economic im p o rta n ce ,  i t  i s  perhaps p a r a d o x ic a l  th a t  the  
grow ing u se  o f  s y n t h e t i c  f i b r e s  and p l a s t i c s  and th e  p r e s s in g  
problem s o f  en v iro n m en ta l p o l l u t i o n  and w orld  fam ine a i‘e c u r r e n t l y  
p la c i n g  in c r e a s e d  em phasis  on f a c i l i t a t i n g  th e  breakdown o f  c e l l u l o s e  
d e b r i s .  The p o p u la t io n  e x p lo s io n  i s  s t r a i n i n g  a lr e a d y  o v e r lo a d e d  
w aste  d i s p o s a l  schem es i n  w hich  c e l l u l o s i c  m a t e r ia l  i s  one o f  th e  
most d i f f i c u l t  components to  be d e a l t  w ith  s u c c e s s f u l l y ,  sjid i s  
c r e a t i n g  tremendous demands on w orld  food  s u p p l i e s .  These demands 
have aroused  c o n s id e r a b le  i n t e r e s t  i n  the  p r o d u c t io n  o f  f o o d s t u f f s  
from u n c o n v e n t io n a l  s o u r c e s ,  and i t  i s  s u r p r iz i n g  th a t  c e l l u l o s e  
has as y e t  r e c e iv e d  so  l i t t l e  a t t e n t i o n  i n  t h i s  r e s p e c t ,  b e in g  
p l e n t i f u l  and w id e ly  d i s t r i b u t e d  throu ghout d ev e lo p e d  and under­
d ev e lo p e d  c o u n t r i e s .
In  w orking tow ards the  p r e v e n t io n  o f  d i s i n t e g r a t i o n  o f  u s e f u l  
c e l l u l o s i c  m a t e r ia l s  and towards th e  enhancement o f  d e c o m p o s it io n  
o f  p la n t  w a s t e s ,  th e  enzymic p r o c e s s  o f  the  b i o l o g i c a l  d e g r a d a t io n  
o f  c e l l u l o s e  has to  bo c l a r i f i e d .  D e s p i t e  th e  d i l i g e n t  e f f o r t s  o f  
many a b le  i n v e s t i g a t o r s  s in c e  th e  tim e o f  DeBary ( 1 8 8 6 ) ,  p r e s e n t  
knowledge o f  t h i s  p r o c e s s  rem ains f a r  from c o m p le te ;  in d e e d  when 
a t te m p tin g  to  a s s e s s  th e  volum inous l i t e r a t u r e  w hich  has accum ulated  
on th e  s u b j e c t  o v er  t h i s  p e r io d  one i s  im p ressed  by th e  s t i l l  
r a t h e r  c o n fu se d  s t a t e  o f  th e  a r t , T h is  i s  u n d ou b ted ly  due to  
o r g a n is m -s u b s tr a te  r e l a t i o n s h i p  problem s s p e c i f i c  t o  c e l l u l o s e  and 
c e l l u l o l y t i c  m ic r o -o r g a n ism s ,  and f o r  v/hich s a t i s f a c t o r y  e x p la n a t io n s  
are  even  now o n ly  i n  th e  e a r ly  s t a g e s  o f  e v o l u t i o n .  As i t  i s  now 
apparent th a t  the  s t r u c t u r a l  c o m p le x i ty  o f  th e  c e l l u l o s e  s u b s t r a t e  
i s  one o f  th e  main f a c t o r s  a f f e c t i n g  i t s  s u s c e p t i b i l i t y  to  enzymic
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a t t a c k ,  any r e v ie w  o f  th e  p r o g r e s s  made i n  c e l l u l a s e  r e sea i 'ch  
must be made i n  th e  l i g h t  o f  c u r r e n t  t h e o r i e s  c o n cer n in g  th e  f i n e  
s t r u c t u r e  o f  c e l l u l o s e .
I n  1 8 9 7 ,  th e  d is c o v e r y  by the Buchners th a t  a c e l l  f r e e  
e x t r a c t  o f  y e a s t  was c a p a b le  o f  fe r m e n t in g  su gars  to  e th a n o l  
and carbon  d io x id e  paved th e  way f o r  th e  tremendous advances  
i n  g e n e r a l  enzym ology made s i n c e  th a t  d a t e .  The e l u c i d a t i o n  o f  
b a s i c  enzyme mechanisms has been c o n s id e r a b ly  s i m p l i f i e d  by th e  
u s e  o f  su ch  c e l l - f r e e  e x t r a c t s ,  and t h e i r  p r e p a r a t io n  from a lm ost  
e v e r y  ty p e  o f  p l a n t ,  anim al and m ic r o b ia l  c e l l  has f o r  many y e a r s  
b een  a r o u t in e  b io c h e m ic a l  p ro ced u re .  I t  i s  h a r d ly  s u r p r iz in g  
t h e r e f o r e  t h a t  th e  c h a r a c t e r i z a t i o n  and mode o f  a c t i o n  o f  
c e l l u l o l y t i c  enzymes have remained u n r e s o lv e d  when i t  i s  r e a l i z e d  
t h a t  u n t i l  1963 no c e l l - f r e e  e x t r a c t s  p o s s e s s i n g  s i g n i f i c a n t  
a c t i v i t y  tow ards n a t i v e  u n tr e a te d  c e l l u l o s i c  s u b s t r a t e s  had been  
p r e p a r e d .  E a r ly  i n v e s t i g a t i o n s  soon  r e v e a le d  th a t  a lth o u g h  
grov/ing c u l t u r e s  o f  c e r t a i n  c e l l u l o l y t i c  m icro -o rg a n ism s  r a p id ly  
degraded  a l l  forms o f  u n m od if ied  c e l l u l o s e ,  f i l t r a t e s  prepared  from  
e v en  th e  most a c t i v e  o f  t h e s e  c u l t u r e s  e x h ib i t e d  l i t t l e  or  no 
a c t i v i t y  tow ards th e  same s u b s t r a t e s  d e s p i t e  the  f a c t  th a t  
c e l l u l o l y s i s  must by i t s  n a tu r e  be an e x t r a c e l l u l a r  p r o c e s s ,
S e lb y  ( 1 9 6 3 ) q u oted  th e  example o f  Myrothecium v e r r u c a r ia  o f  w hich  
w hole  c u l t u r e s  were ca p a b le  o f  red u c in g  th e  s t r e n g t h  o f  a c o t t o n  
y a r n  t o  z er o  i n  4 -5  d a y s ,  w hereas c e l l - f r e e  e x t r a c t s  p rep ared  from  
th e  same c u l t u r e s  would at  b e s t  reduce th e  s t r e n g t h  by o n ly  30% 
ev en  a f t e r  in c u b a t io n  a t  optimum tem p eratu re  and pH f o r  s e v e r a l  
w e e k s .  T h is  anom aly, co u p led  w ith  o th e r  e a r l y  m ic r o s c o p ic a l  
o b s e r v a t io n s  t h a t  th e  d i s s o l u t i o n  o f  wood f i b r e s  by I^nsnom ycetous  
f u n g i  (H u b ert ,  1924) and by th e  so  c a l l e d  s o f t - r o t  fu n g i  ( B a i l e y  &
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V e s t a l ,  1937; Duncan, I9 6 0 )  was h ig h l y  l o c a l i z e d  to  th e  p e n e t r a t in g  
iiyphal s tr a n d s  l e d  t o  th e  g e n e r a l  b e l i e f  th a t  th e  d e g r a d a t io n  o f  
such  n a t i v e  f i b r e s  o ccu rred  o n ly  i n  c l o s e  p r o x im ity  to  th e  
c e l l u l o l y t i c  m ic r o -o r g a n ism s , (G asco igne  & G a sc o ig n e ,  I 9 6 0 ) ,
A lth ou gh  t h i s  presum ably im p lie d  th e  a c t i o n  o f  c e l l - b o u n d  enzyme 
com ponents, no d e t a i l e d  i n v e s t i g a t i o n s  i n t o  th e  p o s s i b l e  e x i s t e n c e  
o f  su ch  components were a p p a r e n t ly  made, S e lb y  (1 9 6 3 )  how ever ,  
b e l i e v i n g  th a t  th e  organism  c o u ld  perhaps produce l o c a l  h ig h  
c o n c e n t r a t io n s  o f  enzyme on th e  s u r fa c e  o f  th e  s u b s t r a t e  
i n v e s t i g a t e d  and s u b s e q u e n t ly  d isp r o v e d  t h i s  th e o r y .  E v id en ce  i n  
su p p ort  o f  enzyme a c t i o n  i n  a r e a s  remote from th e  organism  was 
however p ro v id ed  by Cowling (1 9 6 1 )  and by th e  e l e c t r o n  m icr o sc o p y  
s t u d i e s  o f  M eier ( 1 9 5 5 ) ,  Cowling showed th a t  th e  b o r e h o le s  formed  
i n  wood b lo c k s  by c e l l u l o l y t i c  fu n g i  c o u ld  accou n t f o r  o n ly  6% 
o f  th e  t o t a l  l o s s  i n  w e ig h t  o f  th e  wood measured durin g  d e c a y .
T h is  o b s e r v a t io n  s u g g e s te d  th a t  v o id s  in c a p a b le  o f  r e s o l u t i o n  
by. l i g h t  m icroscop y  were b e in g  c r e a te d  during a t t a c k ,  a th e o r y  
i n  agreement w i t h  th e  e a r l i e r  work o f  M eier (1 9 5 5 )  who showed 
t h a t  brow n-rot fu n g i  produced a r e a s  o f  low e l e c t r o n  d e n s i t y  
v / i th in  th e  c e l l  w a l l s  o f  wood f i b r e s .  These a r e a s  were presumed  
t o  be r e g io n s  from w hich  ca rb o h y d ra tes  had b een  removed, l e a v i n g  
a l a t t i c e - w o r k  o f  l i g n i n - r i c h  m a t e r i a l .
D e s p i t e  t h e s e  and o t h e r  i n  v iv o  o b s e r v a t io n s  on th e  d e s t r u c t i o n  
o f  wood by v a r io u s  fu n g i  (H ubert,  1924; S c h e f f e r ,  1936; Waterman & 
Hansbrough, 1 9 5 7 ) ,  c e l l - f r e e  e x t r a c t s  p rep ared  from su ch  organ ism s  
rem ained e s s e n t i a l l y  i n a c t i v e  a g a in s t  n a t i v e  c e l l u l o s e  i n  th e  
form o f  e i t h e r  c o t t o n  or  wood f i b r e s .  Such e x t r a c t s  were however  
found to  be q u i t e  e f f e c t i v e  i n  d egrad in g  c e l l u l o s i c  s u b s t r a t e s  
w hich  had been ren d ered  more a c c e s s i b l e  to  a t t a c k  by exp osu re  to
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v a r i o u s  forms o f  ch em ica l p r o tr e a tm e n t , th e  most s im p le  o f  w hich  
was to  s w e l l  th e  f i b r e s  i n  a c o n c e n tr a te d  s o l u t i o n  o f  sodium  
h y d ro x id e  (W hitaker, 1953; S i s o n  a t  1 9 5 8 ) .  I f  th e  a l k a l i  was 
th e n  washed out w i t h  v /ater  and th e  s w o l le n  c e l l u l o s e  degraded  
w ith o u t  d r y in g ,  a l l  o f  i t s  s t r e n g t h  and some 30% o f  i t s  w e ig h t  
c o u ld  be r a p id ly  l o s t  (S e lb y ,  1 9 6 3 ) ,  As a g e n e r a l  r u le  the  
s u s c e p t i b i l i t y  o f  t h e s e  s u b s t r a t e s  to  enzymic a t t a c k  was r e l a t e d  
to  th e  e x te n t  o f  th e  p r e tr e a tm e n t  w hich  th e y  had r e c e i v e d ,  an 
o b s e r v a t io n  w hich  l e d  to  th e  p o p u la r  u s e  o f  more h ig h ly  degraded  
s u b s t r a t e s  such  as  amorphous p a r t i c u l a t e  s u s p e n s io n s  o f  c e l l u l o s e  
(ITorkrans, 1950a; Jermyn, 1952; W a lse th ,  1952; Basu & \7 h ita k e r ,  1953;  
V /h ita k er ,  1953; T racey ,  1955; A itk e n  ejb 1956; S is o n  a t  a l ,  1 9 5 8 ) .  
These s u s p e n s io n s  were u s u a l l y  prepared  by the p ro lon ged  a c t i o n  o f  
c o n c e n tr a te d  in o r g a n ic  a c i d s ,  f o l lo w e d  i n  many c a s e s  by m ech a n ica l  
d i s p e r s i o n  tr e a tm e n ts  such  as b a l l - m i l l i n g ( R e e s e  £ t  1957;
Saunders et. d l*  1 9 4 8 ) .  In  a d d i t io n  to  b e in g  a c t i v e l y  degraded by 
c e l l - f r e e  e x t r a c t s  th ey  were a l s o  found to  be much more c o n v e n ie n t  
to  h an d le  than  th e  o r i g i n a l  f ib r o u s  m a t e r ia l  (Blum & S t a h l ,  1952;  
H a l l i w e l l ,  1 9 6 1 ) ,  f e a t u r e s  w hich  s u g g e s te d  as the n e x t  l o g i c a l  
s t e p  th e  p o s s i b l e  u s e  o f  c o m p le t e ly  s o l u b l e  c e l l u l o s e  d e r i v a t i v e s  
as  s u b s t r a t e s .  These d e r i v a t i v e s ,  produced by ch em ica l s u b s t i t u t i o n  
o f  h y d ro x y l grou ps w i t h in  th e  c e l l u l o s e  m o le c u le s  had been  w id e ly  
u se d  p r i o r  to  t h i s  s u g g e s t i o n  i n  th e  form o f  g e l s  f o r  p h a r m a c e u t ic a l  
and o t h e r  i n d u s t r i a l  p u r p o se s ,  th e  most common ty p e s  b e in g  
carb oxym ethy l c e l l u l o s e  (CMC), h y d r o x y e th y l  c e l l u l o s e  (EEC) and 
m eth y l c e l l u l o s e .  E v idence  o f  t h e i r  b i o - d e g r a d a b i l i t y  had i n  f a c t  
b een  n o te d  by Woodward (1 9 4 8 )  who i s o l a t e d  A s p e r g i l l u s  n i g e r  and 
A. f l a v u s  from a p r e p a r a t io n  o f  CMC w hich had l i q u e f i e d  on s ta n d in g ;  
by Freeman _et ^  (1 9 4 8 )  and Harry (1948 )  who from s i m i l a r  p r e p a r a t io n s
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i s o l a t e d  b a c t e r i a l  c u l t u r e s  ca p a b le  o f  l i q u e f y i n g  f r e s h  CMC, 
and by S iu  ^ t  e l  (1 9 4 9 )  who found th a t  Myrotheciuro v e r r u c a r ia  
s u c c e s s f u l l y  m e ta b o l iz e d  CMC and m ethyl c e l l u l o s e .  As e x p e c te d ,  
t h e s e  s u b s t r a t e s  were in d e e d  found to  ba even  more r a p id ly  
h y d r o ly se d  by c e l l - f r e e  e x t r a c t s  than  th e  t r e a t e d  f ib r o u s  and 
p a r t i c u l a t e  c e l l u l o s e s  (Blum & S t a h l ,  1952; Jermyn, 1952; K i t t s  
& U n d e r k o f le r ,  1954; A itk en  ^  a l ,  1956; H a l l i w e l l ,  1957; S is o n  
e t  a l , 1958; IT isizaw a & H ashim oto, 1959; S t o r v ic k  & K ing, I 9 6 0 ) ,  
and i n  a d d i t io n  p o s s e s s e d  th e  im portan t advantage o f  b e in g  w a te r  
s o l u b l e ,  a f e a t u r e  c o n s id e r a b ly  s im p l i f y i n g  e l u c i d a t i o n  o f  enzyme 
mechanisms by e l im in a t in g  th e  problem s o f  v a r i a b l e  a c c e s s i b i l i t y  
w hich  occu r  when th e  s u b s t r a t e  i s  i n s o l u b l e .  Such d e r i v a t i v e s  
c o n s e q u e n t ly  became w id e ly  u sed  to  c h a r a c t e r i z e  c e l l u l a s e s .  Work 
v / i th  s o lu b le  c e l l u l o s e s  however fu r n is h e d  l i t t l e  in fo r m a t io n  on 
th e  mode o f  a t t a c k  o f  n a t iv e  c e l l u l o s e  and no e x p la n a t io n  o f  th e  
i n a b i l i t y  o f  c e l l - f r e e  e x t r a c t s  to  degrade t h i s  h ig h ly  ordered  
s u b s t r a t e .  In  1950 how ever, R e e s e ,  S iu  and L ev in so n  d e s c r ib e d  i n  
some d e t a i l  th e  a b i l i t y  o f  m icro -o rg a n ism s t o  u t i l i z e  s u b s t i t u t e d  
c e l l u l o s e s  as carbon  s o u r c e s ,  and ob served  th a t  w hereas numerous 
organ ism s were ca p a b le  o f  grow th  on a c c e s s i b l e  or s o l u b i l i z e d  
s u b s t r a t e s ,  the  a b i l i t y  to  u t i l i z e  n a t i v e  c e l l u l o s e  as s o l e  carbon  
s o u r c e  was much more r e s t r i c t e d .  R eese and h i s  co -w o rk ers  a ttem p ted  
to  e x p la i n  th e s e  o b s e r v a t io n s  and the  anomalous b eh a v io u r  o f  c e l l -  
f r e e  e x t r a c t s  by p o s t u l a t i n g  th e  e x i s t e n c e  o f  an enzyme termed Cl 
w hich  th ey  b e l i e v e d  was a b le  to  s p l i t  o f f  l i n e a r  c h a in s  o f  g lu c o s e  
r e s i d u e s  from n a t i v e  c e l l u l o s e .  These c h a in s  w hich c o l l e c t i v e l y  
form th e  c e l l u l o s e  s t r u c t u r e  would th en  be d ep o lym er ized  by a 
d i f f e r e n t  c e l l u l a s e  termed Cx. Those organ ism s u n ab le  to  s y n t h e s i z e  
01 would c o n s e q u e n t ly  be i n a c t i v e  on n a t i v e  c e l l u l o s e , but would
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be ca p a b le  o f  h y d r o ly s in g  m o d if ie d  s u b s t r a t e s  by v i r t u e  o f  t h e i r  
Cx component. These ty p e s  were c o n s e q u e n t ly  c l a s s i f i e d  as non-  
c e l l u l o l y t i c , th e  term c e l l u l o l y t i c  b e in g  r e s e r v e d  f o r  th o se  
organ ism s p o s s e s s i n g  b o th  Cl and Cx enzym es, th u s:
N a t iv e  c e l l u l o s e
C1
s h o r t e r ,  l i n e a r  
p o ly a n liy d r o g lu co se  c h a in s
Cx
s o l u b l e  s m a ll  m o le c u le s ,  
c a p a b le  o f  d i f f u s i o n  i n t o  
th e  c e l l ,
^  c e l l u l o l y t i c  organ ism s
>
n on-c  e l l u l o l y t i c  
organ ism s
C u ltu r e  f i l t r a t e s  from t r u l y  c e l l u l o l y t i c  m icro -o rg a n ism s  c o u ld  
t h e r e f o r e  be presumed to  be i n a c t i v e  a g a in s t  n a t i v e  c e l l u l o s e  
b eca u se  th e  Cl component was f o r  some r e a so n  m is s in g  from th e  
e x t r a c t s  as n orm ally  p rep a red .
D e s p i t e  th e  w id esp rea d  a c c e p ta n c e  o f  th e  01 -Cx th e o r y  and th e  
o b v io u s  im portance o f  th e  Cl enzyme i n  n a t u r a l  d e g r a d a t io n  p r o c e s s e s ,  
i t  was i n  f a c t  th e  Cx component w hich  r e c e iv e d  most a t t e n t i o n  
d u rin g  subseq u en t y e a r s ,  r e s u l t i n g  i n  th e  p u b l i c a t i o n  o f  numerous 
c o n f l i c t i n g  r e p o r t s ,  A number o f  w orkers  (Jermyn, 1952; R eese  & 
G i l l i g a n ,  1953; G i l l i g a n  & R e e s e ,  1954; G rim es, 1955; K ing, 1956;  
M i l l e r  & Blum, 1956; Hash, 1957; N ork rans, 1 957a , 1957b; Hash &
K in g , 1958; M i l l e r ,  Blum Sc H am ilton , 1960; N is iz a w a  £ t  1962; 
P e t e r s o n  & P o r a th ,  1963; P e t e r s o n ,  Cowling & P o r a th ,  1963; Logan &
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S ie h r ,  1966; P a t n i  8c R ege , 1969) dem on strated  th a t  th e r e  were  
s e v e r a l  enzymes a l l  perform ing  what R eese  and h i s  c o l l e a g u e s  
had d e s c r ib e d  as Cx f u n c t io n  v/hich were s e p a r a b le  by e l e c t r o ­
p h o r e t i c  and chrom atographic  t e c h n iq u e s ,  and w hich  i n  most c a s e s  
d i f f e r e d  i n  th e  r e l a t i v e  e a se  w i t h  w hich  th ey  degraded s u b s t r a t e s  
o f  d i f f e r e n t  c h a in  l e n g t h s .  W hitaker (1953)  however co n c lu d ed  
th a t  a p a r t i a l l y  p u r i f i e d  f i l t r a t e  from Myrothecium v e r r u c a r ia  
c o n ta in e d  o n ly  a s i n g l e  enzyme, a th e o r y  su pp orted  by Kooiraan £ t  
a l  (1 9 5 3 )  who based  t h e i r  argument on the  s u p p o s i t io n  th a t  
d i f f e r e n t  enzymes a c t i n g  on d i f f e r e n t  s u b s t r a t e s  would be u n l i k e l y  
to  show s i m i l a r  therm al s t a b i l i t y  p a t t e r n s ,  S e lb y  & M aitlan d  (1 9 6 5 )  
s u b s e q u e n t ly  produced good e v id e n c e  however t h a t  the c e l l u l a s e  
system  o f  M. v e r r u c a r ia  i s  i n  f a c t  h e te r o g e n o u s ,  th e  enzymic  
components d i f f e r i n g  i n  m o le c u la r  s i z e  and i n  t h e i r  r e l a t i v e  
a c t i v i t i e s  towards d i f f e r e n t  c e l l u l o s i c  s u b s t r a t e s .  In  an e f f o r t  
to  e x p la i n  t h i s  apparent m u l t i p l i c i t y  o f  Cx com ponents, Thomas 8c 
Whit alee r  (1 9 5 8 )  s u g g e s te d  th a t  th e r e  were i n  r e a l i t y  com p lexes  
formed betw een  a s i n g l e  enzyme and s e v e r a l  d i f f e r e n t  p o l y s a c c h a r i d e s ,  
a th e o r y  supported  by Van Haga ( 1958) and M i l l e r  8c B i r z g a l i s  (1962 )  
as a r e s u l t  o f  g e l  e l e c t r o p h o r e s i s  and column chromatography  
s t u d i e s  o f  M. v e r r u c a r ia  e x t r a c t s .  As however no a s se ssm e n t  o f  
a c t i v i t y  towards n a t i v e  c e l l u l o s e  was made i n  any o f  th e  f o r e ­
g o in g  work, t h e s e  o b s e r v a t io n s  were once a g a in  c o n f in e d  s o l e l y  
to  th e  Cx sy ste m .
O b se r v a t io n s  on th e  mechanism o f  a t t a c k  on m o d if ie d  c e l l u l o s e s  
by Cx components ten d ed  in  g e n e r a l  to  be l e s s  c o n f l i c t i n g .  As a 
r e s u l t  o f  c u r r e n t  s t u d i e s ,  p o ly s a c c h a r a s e s  may be c l a s s i f i e d  i n t o  
two groups a cco r d in g  to  th e  mode o f  h y d r o l y s i s ;  e x o -  o r  endw ise  
s p l i t t i n g ,  and en d o- o r  random s p l i t t i n g  enzym es. The l a t t e r
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randomly h y d r o ly z e  any in t r a m o le c u la r  bond w hereas th e  form er  
e l im in a t e  mono- or  d i s a c c h a r id e  u n i t s  one a t  a tim e from th e  end 
o f  the  c h a in .  A lth ou gh  some ev id e n c e  f o r  cxo-Cx c e l l u l a s e s  has  
b een  p u b l is h e d  (N is iz a w a  & K obayashi, 1953; Y ouatt & Jermyn, 1959;  
G ascoigne  8c G a sc o ig n e ,  I9 6 0 ;  S t o r v ic k  8c King» I960 ;  L i ,  F lo r a  8c 
K ing, 1965; Okada a t  1968; King 8c V e s s a l ,  1 9 6 9 ) ,  the  Cx 
enzymes o f  most m icro -o rg a n ism s  i n v e s t i g a t e d  would seem to  be o f  
th e  random ty p e  ( W h ita k er ,  1953; 1954; 1956; 1957; 1959; G i l l i g a n  
8c R e e s e ,  1954; R eese  a t  a l ,  1959; Hashimoto 8c N is iz a v /a ,  I9 60 ;  
S h ib a ta  8c N is iz a v /a ,  1 9 6 2 ) ,  b e in g  c h a r a c t e r iz e d  by t h e i r  broad  
s u b s t r a t e  s p e c i f i c i t y  w hich  d i f f e r e d  o n ly  i n  th e  c a s e  o f  s h o r t  
c h a in  o l i g o s a c c h a r i d e s .  I t  sh ou ld  be n o ted  however th a t  i n  c o n t r a s t  
t o  the  v a r i e t y  o f  e x p e r im e n ta l  approaches a v a i l a b l e  f o r  t e s t i n g  
random a t t a c k  by enzym es, endw ise d e g r a d a t io n  has u s u a l l y  b een  
i n d i c a t e d  by an i s o l a t e d  o b s e r v a t io n ;  namely the  d em o n str a t io n  o f  
a s i n g l e  su g a r  as th e  o n ly  h y d r o ly t i c  p r o d u c t .  The absence o f  
i n t e r m e d ia t e s  i s  a t  b e s t  n e g a t iv e  in fo r m a t io n  and t h e r e f o r e  l e s s  
than  c o n v in c in g .  In  the  c a s e  o f  s o l u b l e  c e l l u l o s e  d e r i v a t i v e s  
th e  approach has an even  g r e a t e r  l i m i t a t i o n  i n  th a t  even  a tr u e  
exoenzyme sh o u ld  y i e l d  in t e r m e d ia te  p ro d u cts  i f  o n ly  one o r  a few  
h y d r o l y t i c  e v e n t s  f o l l o w  each  fo r m a t io n  o f  an e n z y m e -s u b str a te  
com p lex . In  e v a lu a t in g  any r e p o r t  o f  exoenzym ic a c t i v i t y  t h e r e f o r e  
i t  must be borne i n  mind th a t  p u r e ly  q u a l i t a t i v e  a n a l y s i s  f o r  
in t e r m e d ia t e s  and p r o d u c ts  cannot be e x p ec te d  to  d i s t i n g u i s h  
r e l i a b l y  b etw een  random and th e  tw^ o known ty p e s  o f  endwise a t t a c k .  
More r e l i a b l e  e x p e r im e n ta l  approaches to  t h i s  problem  such  as  the  
u s e  o f  i s o t o p i c a l l y  or  c h e m ic a l ly  l a b e l l e d  s u b s t r a t e s  have ten ded  
i n  most c a s e s  to  be cumbersome, a l th o u g h  R eese (1 9 6 9 )  has c la im e d  
to  have d ev e lo p e d  a s im p le  method f o r  the  e s t im a t io n  o f  e x o - ^ - 1 ,4
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g lu c a n a s e  w hich i s  b e l i e v e d  to  be e f f e c t i v e  even i n  th e  p r e se n c e  
o f  o n d o g lu c a n a se , t h i s  method b e in g  based  on the  r a t i o  o f  a c t i v i t i e s  
o f  an e x t r a c t  i n  r e l e a s i n g  g lu c o s e  from c e l l o t e t r a o s e  and c e l l o b i o s e . 
B eca u se  c e l l o t e t r a o s e  i s  much more r a p id ly  h y d r o ly se d  than  c e l l o ­
b i o s e  by e:£0“^ “ 1 ,4  g lu e  anas e , and much l e s s  r a p id ly  h y d r o ly se d  
th a n  c e l l o b i o s e  by c e l l o b i a s e  ( ^ - g l u c o s i d a s e ) , a h ig h  r a t i o  would  
i n d i c a t e  a predominance o f  e x o g lu c a n a s e , and a lov/ r a t i o  a p r e ­
dominance o f  p - g l u c o s i d a s e . A lthough  en d o g lu ca n a ses  are u s u a l l y  
regard ed  as a c t in g  a t  random on g lu c o s e  p o ly m ers ,  R eese  c la im ed  
t h a t  th e  p r e s e n c e  o f  t h e s e  enzymes would not markedly a f f e c t  the  
r a t i o  b eca u se  o f  t h e i r  r e l a t i v e  i n a c t i v i t y  towards te r m in a l  
l i n k a g e s .  P h o s p h o r y la s e s  w hich would however be cap ab le  o f  l i b e r a t i n g  
g lu c o s e  from c e l l o b i o s e  and c e l l o t e t r a o s e  were f o r t u n a t e l y  found  
t o  be a b sen t  from most e x t r a c e l l u l a r  e x t r a c t s .  R eese  however made 
no r e f e r e n c e  to  p o s s i b l e  i n t e r f e r e n c e  by g l u c o t r a n s f e r a s e s , a lth o u g h  
i t  i s  l i k e l y  th a t  t h e s e  enzymes v/ould o n ly  markedly a f f e c t  th e  
o v e r a l l  r e a c t i o n  r a t e  and n ot th e  f i n a l  r a t i o  o f  a c t i v i t i e s .
As o r i g i n a l l y  p o s t u l a t e d  by R e e s e ,  S iu  & L ev in son  ( 1 9 5 0 ) ,  
th e  n e t  r e s u l t  o f  Cx a c t io n  v/hether endwise o r  random i n  n a tu re  
i s  t o  l i b e r a t e  s o l u b l e  su g a rs  ca p a b le  o f  d i f f u s i o n  i n t o  th e  m ic r o b ia l  
c e l l .  Most r e p o r t s  have in d ic a t e d  t h a t  the  endw ise a c t in g  enzymes 
are  ca p a b le  o f  r e l e a s i n g  o n ly  g lu c o s e  ( R e e s e ,  1956; L i ejt a l ,
1965; Ju rasek  a l ,  1967; King & V e s s a l ,  1969) or  c e l l o b i o s e  
( N is iz a w a  & K obayash i, 1953; McBee, 1948; W a lse th ,  1952; R e e s e ,
1956; A y e r s ,  1958; R u leh er  & K ing , 1958a; 1958b; S t o r v ic k  & King 
i 9 6 0 ) as end p r o d u c t s .  A lthough  th e  endo-Cx c e l l u l a s e s  have been  
d e s c r ib e d  as h y d r o ly z in g  any in t r a m o le c u la r  bond, c e l l o b i o s e  w hich  
c o n t a in s  su ch  a bond has f r e q u e n t ly  been found to  o ccu r  b o th  in  
th e  p r e s e n c e  and ab sen ce  o f  g lu c o s e  as an end produ ct o f  t h i s  type
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o f  enzymic a t t a c k  ( Kooiman _et 1953; R e e s e ,  1956; Logan &
S i e h r ,  1 9 6 6 ) .  N is iz a v /a  e t  a l , (1 9 6 3 )  dem onstrated  an cndoenzyme 
o b ta in e d  from I r p e x  l a c  t e n s  t o  be c a p a b le  o f  h y d r o ly z in g  a s e r i e s  
o f  s u b s t r a t e s  from n a t iv e  c e l l u l o s e  t o  c e l l o t r i o s e  t o  produce a 
m ix tu re  o f  g lu c o s e  and c e l l o b i o s e .  T h is  enzyme however became 
l e s s  a c t i v e  as th e  c h a in  l e n g t h  or  d eg ree  o f  p o ly m e r iz a t io n  (DP) 
o f  th e  s u b s t r a t e  d e c r e a s e d ,  h y d r o ly z in g  c e l l o t r i o s e  o n ly  s lo w ly  
and c e l l o b i o s e  n o t  a t  a l l .  C e l l o b i o s e  was however r a p id ly  h y d r o ly s e d  
by a n o th er  enzjnne, ^ - g l u c o s i d a s e , to  y i e l d  g l u c o s e .  I n  th e  c a s e  
o f  Pseudomonas f lu o r e e c e n s  a l s o  i n v e s t i g a t e d  by t h e s e  w orkers  
and i n  a s p e c i e s  o f  A ltern a i* !a examined by Logon & S ie h r  ( 1 9 6 6 ) ,  
^ - g l u c o s i d a s e  was presum ably a b sen t  as c e l l o b i o s e  was n o t  d eg ra d ed .  
These r e s u l t s  were i n  agreem ent v /ith  th o se  o b ta in ed  by King (1 9 6 3 )  
u s in g  a Cx c e l l u l a s e  p r e p a r a t io n  o b ta in e d  from C e l l v i b r i o  g i l v u s  
w hich  was a l s o  i n a c t i v e  on c e l l o b i o s e  and e x h ib i t e d  in c r e a s e d  
a f f i n i t y  f o r  s u b s t r a t e s  o f  l o n g e r  c h a in  l e n g t h .  In  v ie w  o f  th e  
f a c t  th a t  g lu c o s e  had been  g e n e r a l l y  regarded  to  be th e  p r in c ip b X  
p rod u ct  o f  c e l l u l o s e  h y d r o l y s i s  r eq u ir ed  by th e  grow ing c e l l s  as  
an en ergy  s o u r c e ,  ^ - g l u c o s i d a s o  became a c c e p te d  as a n e c e s s a r y  
a d d i t io n  to  th e  o r i g i n a l  Cl-Cx spectrum o f  enzym es. The scheme 
o f  Cowling ( 1 9 6 3 ) can  th u s  be d ia g r a m a t i c a l ly  e x p r e s s e d  a s:
N a t iv e  c e l l u l o s e
tt
} Cl ( h y p o t h e t i c a l )
«
h yd rated  p o ly a n h y d r o g lu c o se  c h a in s
Cx* s  
c e l l o b i o s e
^ - g l u e 08 id a s e  
g lu c o s e
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D uring e a r l y  i n v e s t i g a t i o n s  j3 -g lu .c o s id a se  was o f t e n  r e f e r r e d  to  
as c e l l o b i a s e ,  a term now seldom  u sed  w i th  the r e a l i z a t i o n  th a t  
i n  most c a s e s  t h i s  enzyme i s  ca p a b le  o f  l iy d r o ly s in g  n o t  o n ly  
c e l l o b i o s e  but a l s o  most sh o r t  c h a in  o l i g o s a c c h a r id e s  u p to  
c e l l o h e x a o s e  (R e e s e ,  Maguire & P a r i s h ,  1968; King & V e s s a l , 1969;  
Wood, 1 9 7 1 ) .  These s u b s t r a t e s  have th u s  been  found to  be common 
to  b o th  ^ - g l u c o s i d a s e  and C x - c e l l u l a s e ,  th e  form er h y d r o ly s in g  
th e  s m a l le r  o l ig o m e r s  most r a p id ly  and th e  l a t t e r  th e  l a r g e r ,  
^ - g l u c o s i d a s e  c o u ld  c o n s e q u e n t ly  be regarded  as a typ e  o f  Cx- 
enzyme v /i th  a l i m i t e d  s u b s t r a t e  range on the  b a s i s  o f  t h e s e  
r e s u l t s .  In  c o n t r a s t  however to  th e  more common ty p e s  o f  c e l l u l a s e  
com p lexes  p rod u cin g  g lu c o s e  as p r in c i p a l  end p r o d u c t ,  th e  degrad­
a t i o n  o f  c e l l u l o s e  by C e l l v i b r i o  g i l v u s  has been shov/n to  r e s u l t  
m ain ly  i n  th e  fo r m a t io n  o f  c e l l o b i o s e  and c e l l o t r i o s e  (King Sc 
V e s s a l ,  1 9 6 9 ) .  E a r l i e r  s t u d i e s  (H ulcher  & King, 1958) had i n d i c ­
a ted  t h a t  c e l l o b i o s e  was i n  f a c t  ca p a b le  o f  b e in g  d i r e c t l y  met­
a b o l iz e d  by u n d ergo in g  i n t r a c e l l u l a r  p h o s p h o r o l y s i s , w i th  the  
su b seq u en t d e m o n str a t io n  (S c h a fe r  Sc K ing, 1965) th a t  C « g i lv u s  
c e l l s  were ca p a b le  o f  ta k in g  up n o t  o n ly  c e l l o b i o s e  but a l l  th e  
members o f  th e  c e l l u l o s e  o l i g o s a c c h a r id e  fa m ily  by Eui a c t i v e  
t r a n s p o r t  sy s te m . The o l i g o s a c c h a r id e s  were th en  a p p a r e n t ly  
in t e r c o n v e r t e d  w ith o u t  l o s s  o f  g l u c o s y l  bond energy  by a g lu c o ­
t r a n s f  e r a s e  s i t u a t e d  i n  the  c e l l  w a l l .  The c e l l o b i o s e  formed by 
t h e s e  r e a c t i o n s  was found to  be p h o s p h o r o l y t i c a l l y  c l e a v e d ,  the  
o n ly  member u n d erg o in g  h y d r o l y s i s  b e in g  c e l l o t r i o s e .
T hese o b s e r v a t io n s ,  t o g e t h e r  w i th  the  knowledge t h a t  many Cx 
c e l l u l a s e s  are c a p a b le  o f  l i b e r a t i n g  g lu c o s e  d i r e c t l y  have th u s  
i n d ic a t e d  th a t  jB -g lu c o s id a s e  need n ot be an e s s e n t i a l  component 
o f  c e l l u l a s e  enzyme sy stem s as  im p lie d  by Cov/ling (1 9 6 3 )  a lth o u g h
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i t s  a c t i o n  may u s e f u l l y  a s s i s t  i n  th e  p r o d u c t io n  o f  g lu c o s e  i n  
th e  c a s e  o f  th o se  organ ism s p o s s e s s in g  Cx components w i t h  low  
a f f i n i t i e s  f o r  th e  s m a l le r  o l i g o s a c c h a r i d e s  and f o r  th o s e  organ ism s  
o n ly  a b le  t o  u t i l i z e  th e  m on osacch ar id e .
A lth ou gh  most o f  th e  in fo r m a t io n  a v a i l a b l e  on Cx sy ste m s  
h as b een  o b ta in e d  as  a r e s u l t  o f  s t u d i e s  perform ed on m o d if ie d  
c e l l u l o s i c  s u b s t r a t e s ,  a s i g n i f i c a n t  o b s e r v a t io n  was made by a 
group o f  w orkers who had been c o n c e n t r a t in g  t h e i r  e f f o r t s  on the  
Cl com ponent. Marsh, M erola & Simpson (1953)*  s tu d y in g  th e  e a r l y  
ch an ges  o c c u r r in g  d u r in g  i n  v iv o  a t t a c k  o f  c o t t o n  d em onstra ted  
th e  p r e s e n c e  o f  a f a c t o r  w hich  l e a d  to  an in c r e a s e  i n  th e  uptake  
o f  a l k a l i  when th e  c o t t o n  was s u b s e q u e n t ly  p la c e d  i n  18% sodium  
h y d ro x id e  s o l u t i o n .  The same f a c t o r  was found to  be p r e s e n t  i n  
c u l t u r e  f i l t r a t e s  p rep ared  from such  c e l l u l o l y t i c  m icr o -o rg a n ism s  
and was th ou ght to  be an enzyme b ecau se  o f  i t s  t h e r m o l a b i l i t y  
and th e  f a c t  th a t  i t s  p r o d u c t io n  c o u ld  be in duced  by th e  p r e s e n c e  
o f  s u i t a b l e  s u b s t r a t e s .  Marsh a t  ^  (1953b) s u b s e q u e n t ly  termed  
t h i s  enzyme " S - f a c t o r " . F u rth er  s t u d i e s  by R eese  and G i l l i g a n  
(1 9 5 4 )  i n  an a ttem p t to  f i t  S - f a c t o r  i n t o  th e  g e n e r a l  a c t i o n  
p a t t e r n  o f  c e l l u l a s e s  confirm ed  th a t  i t s  b e h a v io u r  was t h a t  o f  
an enzyme, and a lth o u g h  i t s  i d e n t i f i c a t i o n  w i t h  Cx a c t i v i t y  was 
n o t  c o m p le te ly  c l e a r  t h e s e  w orkers  con c lu d ed  th a t  S - f a c t o r  c o u ld  
be regard ed  as a ty p e  o f  Cx enzyme.
I n  v ie w  o f  th e  f a c t  th a t  th e  prob ab le  a c t i o n  o f  S - f a c t o r  
i s  to  m odify  some a r c h i t e c t u r a l  f e a t u r e  p r e s e n t  i n  n a t i v e  c e l l u l o s e ,  
i t s  b e h a v io u r  i n  t h i s  r e s p e c t  m ight be regarded  as  b e in g  an a logou s  
to  th e  Cl com ponent. In  ord er  t h e r e f o r e  to  re v ie w  the  t h e o r i e s  
c o n c e r n in g  th e  p o s s i b l e  modes o f  a c t io n  o f  b o th  o f  t h e s e  enzymes 
i t  i s  n e c e s s a r y  f i r s t  to  c o n s id e r  cu r r e n t  c o n c e p ts  o f  th e  f i n e
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s t r u c t u r e  o f  n a t iv e  c e l l u l o s e .  T h is  rev iew  w i l l  be c o n f in e d  
m a in ly  t o  th e  s t r u c t u r e  found i n  c o t t o n  f i b r e s  v/hich are th e  
p u r e s t  form o f  n a t u r a l l y  o c c u r r in g  c e l l u l o s e  and c o n s e q u e n t ly  
th e  most p o p u la r  c h o ic e  o f  u n m od if ied  s u b s t r a t e  by th e  m a jo r i ty  
o f  w orkers  i n  t h i s  f i e l d .
C otto n  i s  th e  s eed  h a ir  from p la n t s  o f  th e  genus Gossypium , 
ea ch  f i b r e  c o n s i s t i n g  u s u a l l y  o f  a s i n g l e  c e l l  w hich o r i g in a t e d  
i n  th e  ep id er m is  o f  the  seed  c o a t  a t  about th e  tim e o f  f l o w e r i n g .  
At t h i s  t im e a c e l l  d e s t in e d  to  become a c o t t o n  f i b r e  may be 
d i s t i n g u i s h e d  from o t h e r  ty p e s  o f  ep iderm al c e l l s  by an outward  
e x t e n s i o n  o f  th e  e x t e r n a l  c e l l  w a l l .  The n u c le u s  m ig r a te s  tow ards  
th e  grow ing  end o f  th e  c e l l  w hich  r a p id ly  e lo n g a t e s  to  form th e  
f i b r e .  During m a tu ra t io n  o f  th e  f i b r e  th e  n u c le u s  may r e tu r n  to  
a c e n t r a l  p o s i t i o n ,  e v e n t u a l l y  l o s i n g  i t s  a c t i v i t y  and d is a p p e a r ­
i n g ,  ( B a l l s ,  1 9 1 5 ) .  During th e  l e n g th e n in g  p e r io d  th e  f i b r e s  are  
e s s e n t i a l l y  c i r c u l a r  and when f u l l y  e lo n g a te d  e x h i b i t  a s l i g h t  
ta p e r in g  towards th e  b ase  w i t h  a more pronounced ta p e r in g  towards  
th e  t i p .  M atu ration  o f  a f i b r e  c o n s i s t s  i n i t i a l l y  o f  d e p o s i t i o n  
o f  c e l l u l o s e  on th e  i n t e r n a l  s u r f a c e  o f  th e  prim ary c e l l  w a l l ,  
t h i s  secon d ary  w a l l  c o n t in u in g  to  th ic k e n  u n t i l  a day or  two 
b e fo r e  th e  c o t t o n  b o l l  b e g in s  to  cra c k  open . The secon d ary  w a l l  
n e v e r  c o m p le te ly  o c c lu d e s  th e  sp ace  rem aining i n  th e  c e n t r e  o f  
th e  f i b r e  known as th e  lum en. B e fo r e  the  b o l l  opens th e  lumen 
c o n t a in s  th e  p r o to p la sm ic  c o n t e n t s  o f  th e  c e l l ;  opening o f  th e  
b o l l  by grow th p r o c e s s e s  however c a u se s  d e h y d ra t io n  and con seq u en t  
c o l l a p s e  o f  the c e l l s .  The p ro to p la sm  d r i e s  to  a s o l i d  r e s id u e  
i n  th e  lumen and th e  f i b r e  f a l l s  i n t o  a f l a t t e n e d  r i b b o n - l i k e  
s t r u c t u r e  w i th  s p i r a l  t w i s t s .  Only a t  th e  f i b r e  t i p  does  seco n d ­
ary  w a l l  c e l l u l o s e  f i l l  th e  c r o s s  s e c t i o n .
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B ecause  o f  th e  u n i v e r s a l  o ccu rren ce  i n  wood f i b r e s  o f  heavy  
d e p o s i t s  o f  n o n - c e l l u l o s i c  m a t e r i a l s  such  as l i g n i n  and h em i-  
c e l l u l o s e s  i t  has been  d i f f i c u l t  t o  s tu d y  f i n e  d e t a i l s  i n  th e  
w a l l s  o f  f i b r e s  from wood. P u r i f i c a t i o n  p r o c e s s e s  n e c e s s a r y  to  
ren d er  c e l l u l o s i c  s t r u c t u r e s  v i s i b l e  by m icroscopy  in v o lv e  such  
d r a s t i c  tr e a tm e n ts  as to  throw s u s p ic io n  on o b s e r v a t io n s  made on 
th e  p u r i f i e d  m a t e r i a l s .  F o r tu n a te ly  c o t t o n  f i b r e s  appear to  have  
a s t r u c t u r e  v ery  s i m i l a r  to  th a t  o f  v/ood f i b r e s  w ith  th e  e x c e p t io n  
t h a t  th e  c h a r a c t e r i s t i c  p i t s  p r e s e n t  i n  th e  l a t t e r  are a b sen t  
from c o t t o n .  In  c r o s s  s e c t i o n  b o th  ty p e s  o f  f i b r e  c o n s i s t  o f  
s i x  w e l l  d e f in e d  p a r t s ;  th e  c u t i c l e ,  the  prim ary w a l l ,  th e  S I ,
82 and S3 components o f  th e  secon d ary  w a l l  and th e  lum en.
The p r e s e n c e  o f  a s e p a r a te  c u t i c l e  c o v e r in g  th e  e x t e r n a l  
s u r fa c e  o f  th e  prim ary c e l l  v /a l l  has been d i f f i c u l t  to  e s t a b l i s h  
c o n c l u s i v e l y  ( R o l l i n s  & T r ip p ,  1954; R o e lo f s e n ,  1959) due to  the  
f a c t  th a t  on f i b r e  d e h y d r a t io n  th e  c u t i c l e  d r i e s  on to  th e  prim ary  
w a l l  so  i n t i m a t e l y  t h a t  i t  cann ot be e a s i l y  s e p a r a te d .  R o e lo f s e n  
(1959 )  however regarded  th e  c u t i c l e  as th a t  l a y e r  rem ain ing  a f t e r  
tre a tm e n t  o f  th e  f i b r e  w ith  c e l l u l o s e  s o l v e n t s ,  im p ly in g  a non -  
c e l l u l o s i c  s t r u c t u r e .  D i r e c t l y  b en ea th  th e  c u t i c l e  l i e s  th e  
prim ary w a l l ,  a  s t r u c t u r e  u s u a l l y  somewhat l e s s  than 0.5^1 i n  
t h i c k n e s s  w hich can  be d i s t i n g u i s h e d  from th e  secondary  w a l l  by 
m ic r o s c o p ic a l  o b s e r v a t io n  under p o la r i z e d  l i g h t .  Under th e s e  
c o n d i t io n s  th e  prim ary w a l l  e x h i b i t s  o n ly  s l i g h t  b i r e f r in g e n c e  
i n  c o n t r a s t  to  th e  h ig h ly  b i r é f r i n g e n t  secon d ary  w a l l ,  i n d i c a t i n g  
t h a t  th e  c e l l u l o s e  i n  th e  form er i s  l e s s  v /e l l  o r i e n t a t e d  tow ards  
th e  a x i s  o f  th e  f i b r e  th an  th a t  i n  th e  l a t t e r .  R o e lo f s e n  (1 9 5 1 ,  
1959) h as  however e x p r e s s e d  d ou bts  as  to  th e  v a l i d i t y  o f  most 
o b s e r v a t io n s  made un der  p o la r i z e d  l i g h t  due to  th e  fr e q u e n t
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o ccu rren ce  o f  furrow s i n  the  f i b r e s  caused  by sh r in k age  d u rin g  
d e h y d r a t io n .  E le c t r o n  m icroscop y  s t u d i e s  o f  th e  primary w a l l  
have d em on strated  th e  e x i s t e n c e  o f  a l o o s e  f i b r i l l a r  netw ork  
w hich  has been  s lz o \m  t o  c o n s i s t  o f  a t  l e a s t  two s e t s  o f  f i b r i l s ;  
a c o a r s e  s e t  running a x i a l l y  on th e  o u t e r  f a c e  o f  th e  prim ary w a l l  
and a f i n e r  s e t  running t r a n s v e r s e  to  th e  f i b r e  a x i s  on th e  in n e r  
f a c e  o f  th e  w a l l  (Muhle t h a l e r ,  1949; R o l l i n s ,  1 9 6 8 ) .  T h is  s t r u c t u r e  
appears to  be common i n  th e  prim ary w a l l s  o f  r a p id ly  grow ing  p la n t  
c e l l s .  The e x a c t  d im en s io n s  o f  th e  i n d i v i d u a l  m i c r o f i b r i l s  are  
in d e te r m in a te  but may be s e v e r a l  m icrons i n  l e n g t h  w i th  an average  
w id th  b etw een  100 -3 0 0  2 .  A lthough  th e  prim ary w a l l  i s  composed  
m ain ly  o f  c e l l u l o s e ,  sm a ll  q u a n t i t i e s  o f  p e c t i n  ( R o l l i n s ,  1968)  
and waxes (Gundermann ej  ^ 1937) may be p r e s e n t  as i m p u r i t i e s  
w it h in  th e  s t r u c t u r e .
The b u lk  o f  th e  c e l l u l o s e  c o n te n t  o f  a c o t t o n  f i b r e  o c c u r s  
i n  the  seco n d a ry  w a l l  w hich  as d e s c r ib e d  e a r l i e r  i s  i n i t i a t e d  
a f t e r  th e  f i b r e  i s  f u l l y  e lo n g a te d  and i s  now g e n e r a l ly  a c c e p te d  
as  c o n s i s t i n g  o f  th r e e  d i s t i n c t  l a y e r s  (H erzog, 1955; R o e lo f s e n ,  
1 9 5 9 ) .  The t e x t u r e  o f  th e  f i r s t  l a y e r ,  termed S I ,  w hich l i e s  
im m ed ia te ly  b en ea th  th e  primary w a l l  appears to  be d i f f e r e n t  from  
th a t  o f  th e  b u lk  o f  th e  c e l l u l o s e  c o n s t i t u t i n g  th e  secon d ary  w a l l  
by b e in g  c o a r s e r ,  w i t h  th e  c e l l u l o s e  f i b r i l s  arranged i n  a banded  
s t r u c t u r e  o f  a l t e r n a t e  open and c l o s e  pacIcing. The bands appear  
to  s p i r a l  about th e  f i b r e  a x i s  a t  an a n g le  o f  about 45^. B en ea th  
th e  SI l a y e r  i n  mature f i b r e s  l i e s  a much t h i c k e r  l a y e r  termed S2 
w hich  c o m p r ise s  the  major p o r t io n  o f  th e  c e l l  w a l l .  The c e l l u l o s e  
i n  t h i s  s t r u c t u r e  i s  a g a in  l a i d  down i n  th e  form o f  m i c r o f i b r i l s  
w hich  are however f i n e r  than  th o se  i n  th e  SI l a y e r ,  and s p i r a l  
about th e  a x i s  o f  th e  f i b r e  a t  a s l i g h t l y  l e s s  s t e e p  a n g le .
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A lthough  th e  t h ir d  (S 3 )  l a y e r  i s  n o t  prominent i n  c o t t o n ,
R o e lo f s e n  (1 9 5 9 )  b e l i e v e d  such  a l a y e r  to  be p r e s e n t ,  u s u a l l y  
as a t h in  s p i r a l l i n g  s t r u c t u r e  s i m i l a r  i n  arrangement and t h i c k n e s s  
to  th e  SI l f . y e r .  In  wood f i b r e s  h ow ever, th e  S3 l a y e r  i s  o f t e n  
e x tr e m e ly  p rom in en t.
The lumen v a r i e s  i n  s i z e  and shape from f i b r e  to  f i b r e  and 
a t  d i f f e r e n t  p o s i t i o n s  a lon g  th e  same f i b r e .  The c o n t e n t s  o f  the  
lumen are u s u a l l y  regard ed  as w a x es ,  p e c t i c  s u b s ta n c e s  and n i t r o ­
genous  d e p o s i t s  b e l i e v e d  to  be th e  rem ains o f  th e  p r o to p la sm . T h is  
m a t e r ia l  seldom  e x te n d s  th e  f u l l  l e n g t h  o f  th e  mature f i b r e ,  but 
i s  p l e n t i f u l  and o f t e n  c o n t in u o u s  i n  th e  lumen o f  immature c o t t o n  
f i b r e s •
I n  c e l l  w a l l  l i t e r a t u r e  th e  term s " f i b r i l "  and " m ic r o f ib r i l"  
have b een  u sed  more or  l e s s  i n d i s c r i m i n a t e l y  to  d e s c r ib e  th e  
t h r e a d - l i k e  c e l l u l o s e  f i l a m e n t s  ob serv ed  w it h  th e  e l e c t r o n  m icro ­
s c o p e .  Such o b s e r v a t io n s  l e d  to  th e  d i s c u s s i o n  as to  w heth er  the  
c o a r s e r  f i b r i l s  were b u n d le s  o f  f i n e r  o n e s ,  and w heth er  or  n o t  the  
f i n e r  ones  were th e  u l t i m a t e  e le m e n ts  from w hich  th e  l a r g e r  f i b r i l s  
were a g g r e g a te d .  A d v o c a te s  o f  t h i s  th e o r y  (Wuhrmann ejt 1946;  
K in s in g e r  8c Hock, 1948) b e l i e v e d  t h a t  th e  m i c r o f i b r i l s  w ere made 
up o f  f i n e r  s t r a n d s  termed b a s ic  o r  e lem en tary  f i b r i l s ,  th e  s i z e s  
o f  w hich were b e l i e v e d  to  vary  a c c o r d in g  t o  th e  so u rce  o f  th e  
c e l l u l o s e .  In  a re v ie w  by Warwicker a t  (1 9 6 6 )  a range o f  
c o t t o n  m i c r o f i b r i l  t h i c k n e s s  measurements from 8 0 -4 0 0  X i s  q u o ted ,  
th e  e lem en ta ry  f i b r i l s  v a r y in g  betw een  30 and 160 2 i n  w id th .  
F rey -Y /y ss l in g  jet ^  (1 9 6 4 )  however p o s t u l a t e d  e lem en ta ry  f i b r i l s  
a p p ro x im a te ly  35 5  t h i c k  to  be th e  u l t im a t e  f i b r i l l a r  u n i t  from  
w hich  th e  l a r g e r  and more f r e q u e n t ly  measured s i z e s  were a g g r e g a te d .  
T h is  th eo ry  was su p p o rted  by C o lv in  (1964)  and Manley (1964 )»
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d e s p i t e  th e  f a c t  th a t  th e  m a jo r ity  o f  m i c r o f i b r i l s  measured have 
b een  found n o t  to  be m u l t ip l e s  o f  35 2 (G unther, 1 9 6 0 ) .  X -ray  
e v id e n c e  d o es  however su pp ort th e  35 ^ e lem en tary  f i b r i l  c o n cep t  
i n  the c a s e  o f  th e  c r y s t a l l i n e  p o r t io n s  o f  th e  m i c r o f i b r i l s  
(M u h le th a le r ,  1 9 6 3 ) .
The s t r u c t u r e  o f  th e  e lem en ta ry  f i b r i l  i s  s t i l l  under  c o n s id ­
e r a b le  d i s c u s s i o n ,  however i t  i s  now g e n e r a l l y  a c c e p te d  t h a t  v/hat-  
e v e r  i t s  d im en s io n s  th e  s t r u c t u r e  c o n s i s t s  o f  r e g io n s  o f  w e l l  
ordered  ( c r y s t a l l i n e )  and l e s s  w e l l  ordered  (amorphous) a g g r e g a te s  
o f  c e l l u l o s e  m o le c u le s .  Prom th e  s tu d y  o f  ch em ic a l  s u b s t i t u t i o n  
r e a c t i o n s  i t  has been  e s t a b l i s h e d  t h a t  c e l l u l o s e  c o n s i s t s  o f  
c h a in s  o f  an h y d ro g lu co se  r e s id u e s  arranged i n  c e l l o b i o s e  u n i t s  i n  
a ^ - c o n f i g u r a t i o n ,  w i t h  th e  01 atom o f  the f i r s t  an h yd rog lu cose  
r e s id u e  i n  e t h e r  l in k a g e  w ith  th e  04 atom o f  th e  s eco n d .  The 
c e l l o b i o s e  u n i t s  are  l in k e d  t o g e t h e r  i n  a s i m i l a r  manner to  form  
lo n g  c o n t in u o u s  c h a in s  o f  c e l l u l o s e .  The s p a t i a l  arrangement o f  
th e  h y d ro x y l grou ps i n  t h e s e  u n i t s  p e r m its  the  c h a in s  to  be l in k e d  
t o g e t h e r  l a t e r a l l y  by hydrogen b on d in g , th e s e  l a t e r a l  bonds  
o c c u r r in g  w h erever  two or  more c h a in s  l i e  i n  c l o s e  p r o x im i ty .  
C e l l u l o s e  c h a in s  g e n e r a l l y  l i e  t o g e t h e r  i n  v a r y in g  d e g r e e s  o f  
p a r a l l e l i s m .  When th e  c h a in s  are t r u l y  p a r a l l e l  and are c l o s e  
enough f o r  hydrogen  bonding to  o c c u r ,  groups o f  t i g h t l y  compacted  
m o le c u le s  are  formed v/hich behave as m inute c r y s t a l s  and are  termed  
" c r y s t a l l i t e s "  o r  " m i c e l l e s " .  When th e  c h a in s  do n o t  run t r u l y  
p a r a l l e l  and are c o n s e q u e n t ly  s e p a r a te d  to  su ch  an e x t e n t  th a t  few  
hydrogen bonds are form ed, th e  m o le c u la r  s t r u c t u r e  i s  s a id  to  be 
p a r a c r y s t a l l i n e  or  amorphous. A l t e r n a t i v e l y ,  c r y s t a l l i n e  r e g io n s  
may be termed " l a t e r a l l y  w e l l  ordered" and amorphous r e g io n s  " l e s s  
w e l l  o rd ere d " .  I f  o f  s u f f i c i e n t  l e n g t h ,  a s i n g l e  c e l l u l o s e  c h a in
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may p a r t i c i p a t e  i n  th e  fo rm a tio n  o f  s e v e r a l  m i c e l l e s  and may 
te r m in a te  v / i th in  a m i c e l l e .
One o f  th e  e a r l i e s t  t h e o r i e s  on th e  f i n e  s t r u c t u r e  o f  c o t t o n  
( N a g e l i ,  1858) proposed  th a t  m i c e l l e s  were b u i l t  i n t o  th e  s t r u c t u r e  
l i k e  b r ic k s  i n  a w a l l ,  but i t  soon  became c l e a r  th a t  t h i s  d id  n o t  
a d e q u a te ly  e x p la i n  many o f  the p r o p e r t i e s  o f  th e  f i b r e s .  Accum­
u l a t i o n  o f  e v id e n c e  e v e n t u a l l y  l e d  to  th e  fo r m u la t io n  o f  th e  
" f r in g e - m ic e l lo "  th e o r y  (Meyer & Mai’k , 1928) w hich  p roposed  th a t  
th e  c r y s t a l l i n e  m i c e l l e s  were h o ld  t o g e t h e r  by th e  f r i n g e s  o f  
amorphous c e l l u l o s e  c h a in s  w hich  formed d is o r d e r e d  t a n g le s  around 
each  m i c e l l e .  H ear le  (1 9 6 3 )  m o d if ie d  t h i s  to  a f r i n g e d - f i b r i l  
s t r u c t u r e  i n  w hich  th e  c r y s t a l l i n e  r e g io n s  were regarded  as  
c o n t in u o u s  w i t h  amorphous f r i n g e s  o c c u r r in g  randomly a lon g  th e  
l e n g t h  o f  th e  f i b r i l .  In  c o n t r a s t  t o  t h e s e  m i c e l l a r  t h e o r i e s ,  
P r e y -V /y ss l in g  (1 9 5 9 )  p o s t u l a t e d  an i d e a l i z e d  s t r u c t u r e  f o r  the  
m i c r o f i b r i l s  w hich  he b e l i e v e d  t o  be formed from fo u r  c r y s t a l l i n e  
b a s ic  f i b r i l s  surrounded by p a r a c r y s t a l l i n e  c e l l u l o s e .  P r e y -  
Y /ysslin g  however b e l i e v e d  th e  l a t t e r  to  e x i s t  i n  a much h ig h e r  
s t a t e  o f  o rd er  than  th e  amorphous c e l l u l o s e  e n v isa g e d  i n  m i c e l l a r  
s y s t e m s ,  b e in g  composed o f  h ig h ly  p a r a l l e l  c e l l u l o s e  c h a in s  i n  
a lm ost th e  c o r r e c t  p o s i t i o n s  f o r  c r y s t a l l i n e  c e l l u l o s e .  A f u r t h e r  
f e a t u r e  r e p e a t e d l y  em phasized  by t h i s  worker i s  th e  e x i s t e n c e  
w it h in  th e  f i b r i l s  o f  a system  o f  v o id s  ob served  to  be o f  two 
ty p e s ;  a c o a r s e  sy s te m  i n t o  w hich la r g e  m o le c u le s  can p e n e t r a t e ,  
and a f i n e  sy ste m  o n ly  a c c e s s i b l e  a f t e r  s w e l l i n g .  There i s  l i t t l e  
doubt th a t  t l i i s  v o id  sy ste m  i n  c o t t o n  i s  an im p ortan t  f e a t u r e  o f  
th e  s t r u c t u r e .  Many o f  th e  r e a c t i o n s  a t t r i b u t e d  t o  th e  amorphous 
r e g io n s  i n  th e  f r i n g e - m i c e l l e  th e o r y  may be e q u a l ly  w e l l  e x p la in e d  
i n  tcrais o f  lo n g  narrow v o id s  o f  v a r y in g  w id th  bounded by r e a c t i v e
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c e l l u l o s i c  s u r f a c e s .  Any changes i n  th e  v o id  s t r u c t u r e  may 
c o n s e q u e n t ly  have profound e f f e c t s  on r e a c t i v i t y .
In  an attem p t to  e x p la in  th e  o b s e r v a t io n  by Ekenstam (1 9 3 6 )  
t h a t  a c id  ï i y d r o ly s i s  o f  c o t t o n  ta k e s  p la c e  i n  two s t a g e s  (a  ra p id  
s t a g e  f o l lo w e d  by a s lo w  s t a g e ) ,  v a r io u s  t h e o r i e s  c o n c e r n in g  th e  
e x i s t e n c e  o f  weak l i n k s  w i t h in  th e  an hydrog lu cose  c h a in s  have  
b een  p r o p o se d .  For many y e a r s  i t  had been a c c e p te d  th a t  c e l l u l o s e  
i n  c o t t o n  was e x c l u s i v e l y  composed o f  g lu c o s e  u n i t s .  S ch u lz  e t  a l  
( 1942) however postu!|.ated th a t  x y l o s e  r e s id u e s  occu rred  r e g u l a r l y  
e v e r y  500 g lu c o s e  u n i t s  a lon g  th e  c e l l u l o s e  c h a in .  Pascu  & H i l l e r  
(1 9 4 6 )  hov/ever were o f  th e  o p in io n  th a t  such  a c id  l a b i l e  l i n k s  
wore o f  th e  h e m i- a c e t a l  typ e  and occu rred  ev er y  128 g lu c o s e  
r e s id u e s  (a p p r o x im a te ly  ev er y  600 2 ).  T h is  th e o r y  i s  now a lm ost  
c o m p le te ly  d is c o u n te d  i n  fa v o u r  o f  th e  a c id  l a b i l e  n o n - g lu c o s id ic  
u n i t s .  I f  such  u n i t s  e x i s t  i n  th e  c e l l u l o s e  c h a in ,  t h e i r  p r e s e n c e  
sh ou ld  be e x h ib i t e d  by c a r e f u l  chrom atographic  a n a l y s i s  o f  
h y d r o l y s a t e s .  Das ej  ^ a l  (19 5 4 )  c la im ed  t o  have d e t e c t e d  b o th  
x y l o s e  and a r a b in o se  i n  su ch  h y d r o l y s a t e s ,  but th e  e v id e n c e  
a v a i l a b l e  a t  p r e s e n t  d oes  not seem to  be e x t e n s iv e  enough t o  prove  
o r  d is p r o v e  th e  e x i s t e n c e  o f  such  weak l i n k s .  G o ld s t e in  £ t  a l  
(1 9 5 7 )  have c la im ed  th a t  one g lu c o s e  u n i t  i n  500 t o  1000 i s  n o t  
l in k e d  a t  th e  1 :4  p o s i t i o n s ,  but i t  i s  not c e r t a i n  w hether t h i s  
i r r e g u l a r i t y  i s  a c id  l a b i l e .  Prey-vV yssling (1 9 5 9 )  has a ttem p ted  
to  e x p la in  Ekenstam*s (1 9 3 6 )  o b s e r v a t io n  by p o s t u l a t i n g  th e  
e x i s t e n c e  o f  sm a ll  ( l e s s  th an  50 2 i n  l e n g t h )  amorphous r e g io n s  
d is p o se d  r e g u l a r l y  a lo n g  th e  l e n g t h  o f  h i s  proposed  c r y s t a l l i n e  
and p a r a c r y s t a l l i n e  m i c r o f i b r i l s .  I t  sh ou ld  be n o ted  however t h a t  
a c id  l a b i l e  l i n k s  may occu r  w i t h in  b o th  c r y s t a l l i n e  and amorphous 
r e g i o n s ,  and may c o n s e q u e n t ly  n ot be e q u a l ly  a c c e s s i b l e  t o  a t t a c k .
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The quoted  l e n g t h s  f o r  a c id  h y d r o ly s i s  fragm en ts  may th u s  be
in d ep en d en t  o f  th e  a c t u a l  l e n g t h  o f  c h a in  betw een  th e  weak l i n k s *
W hatever th e  c a u s e s  o f  t h e s e  weak z o n e s ,  i t  i s  now w e l l  a c c e p te d
th a t  th e y  p la y  an im p ortan t r o l e  i n  m ech an ica l and o th e r  p r o p e r t i e s
o f  c o t t o n .  A lth ou gh  th e y  may be z o n e s  a t  w hich  a t t a c k  can be
i n i t i a t e d ,  th e y  a p p a r e n t ly  need n o t  be r e g io n s  a c c e s s i b l e  t o  la r g e
m o le c u l e s .  I f  t h i s  i s  s o ,  th e  p r i n c i p l e  r e a c t i o n s  o f  c o t t o n  must
th e r e f o r e  be c o n t r o l l e d  by th e  s u r f a c e  a rea  o f  th e  f i b r i l s ,  and
hence  as  m entioned  e a r l i e r ,  th e  com plex system  o f  v o id s  w i t h i n
th e  c o t t o n  f i b r e  becomes o f  paramount im portance i n  d e term in in g
th e  su b seq u en t s u s c e p t i b i l i t y  to  enzymic a t t a c k .  Stone £ t  a l ,
(19Ô9) i n v e s t i g a t i n g  th e  d i g e s t i b i l i t y  o f  wood p u lp s  have i n  f a c t
co n c lu d ed  t h a t  th e  d eg ree  o f  c r y s t a l l i n i t y  o f  t h e i r  s u b s t r a t e s
had l i t t l e  b e a r in g  on th e  s u s c e p t i b i l i t y  to  a t t a c k ,  but t h a t  th e
p o r o s i t y  o f  th e  sample was the  c o n t r o l l i n g  f a c t o r  i n  t h i s  r e s p e c t .
As m entioned  e a r l i e r ,  a l l  c e l l u l o s i c  m a t e r i a l s  c o n t a in  i n  a d d i t io n
t o  m ic r o s c o p i c a l l y  v i s i b l e  c a p i l l a r i e s  an a p p r e c ia b le  m o le c u la r
s u r fa c e  r e s u l t i n g  from su b m icro sco p ic  p o r e s .  Cowling (1 9 6 3 )  has
e s t im a te d  th e  s u r fa c e  a r e a  o f  th e  l a t t e r  i n  1g o f  wood or compacted
6 2c o t t o n  f i b r e s  to  be o f  th e  o rd er  o f  3 x 10 cm , compared w i t h  an
3 2a r e a  o f  o n ly  2 x  10 cm bounding th e  g r o s s  v o id  s t r u c t u r e s .  The 
enormous r e a c t i v e  s u r f a c e  p r e s e n t  i n  th e  su b m icro sco p ic  p o r e s  i s  
however b e l i e v e d  to  be p h y s i c a l l y  i n a c c e s s i b l e  to  c e l l u l a s e  
m o le c u le s  (Cov/ling & Brown, 1969) w hich  are ca p a b le  o f  d i f f u s i o n  o n ly  
i n t o  th e  l a r g e r  m ic r o sc o p ic  v o id s  i n  n a tu r a l  f i b r e s .  The s i g n i f i c a n t  
in c r e a s e  i n  r e a c t i v i t y  o f  a sample o f  n a t iv e  c o t t o n  f o l l o w i n g  
ch em ic a l  s w e l l i n g  t r e a tm e n ts  v;ould th u s  be due to  an i n c r e a s e  i n  
th e  d im en s io n s  o f  t h e s e  su b m icro sco p ic  p o r e s ,  a l lo w in g  i n g r e s s  o f  
th e  enzyme m o le c u le s .
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I t  would seem c l e a r  t h e r e f o r e  th a t  d i g e s t i b i l i t y  i s  n o t  
s o l e l y  a f u n c t i o n  o f  c r y s t a l l i n i t y  but i s  a l s o  h ig h ly  dependent  
upon th e  p o r o s i t y  o f  th e  f i b r e ,  a th e o r y  i n  agreement w i t h  th e  
o b s e r v a t io n s  o f  Lee (1 9 6 6 )  who found th a t  the  most r e a c t i v e  o f  
h i s  r e g e n e r a te d  c e l l u l o s e s  e x h i b i t e d  th e  h ig h e s t  degree  o f  
c r y s t a l l i n i t y  but was a l s o  th e  most p o ro u s .
In  mature but u n d r ied  c o t t o n  th e  p o s i t i o n  i s  d i f f e r e n t .  The 
e v id e n c e  o f  B e r k le y  & Kerr (1 9 4 6 )  t h a t  such c o t t o n  d oes  n o t  c o n t a in  
c r y s t a l l i n e  c e l l u l o s e  would ex c lu d e  th e  co n cep t  o f  f i b r i l s ,  d e s p i t e  
th e  b e l i e f  t h a t  e lem en ta ry  f i b r i l s  about 35 i t h i c k  are fundam ental  
grov/th u n i t s  i n  n a t i v e  c e l l u l o s e s  (P rey -V /y ss l in g  ejfc 1 9 6 4 ) .  
C r y s t a l l i n e  c e l l u l o s e  was however d e t e c t e d  by S i s s o n  (1 9 3 8 )  i n  
th e  e a r l y  s t a g e s  o f  secon d ary  t h i c k e n in g ,  and Hess (1 9 3 9 )
e x p r e s se d  th e  v iew  th a t  c r y s t a l l i n e  c e l l u l o s e  i s  formed i n  v iv o  
and does n o t  n e c e s s a r i l y  a r i s e  from amorphous r e g io n s  on f i b r e  
d e h y d r a t io n .  E a r ly  X -ray  s t u d i e s  on un dr ied  c o t t o n  f i b r e s  (B e r k le y  
& Kerr, 1946) i n d i c a t e d  an e s s e n t i a l l y  amorphous s t r u c t u r e ;  
o b s e r v a t io n s  c r i t i c i z e d  by P r e s to n  (1952 )  who p o in te d  out t h a t  
such  c r y s t a l l i n e  r e g io n s  c o u ld  be to o  sm a ll  t o  be d e t e c t e d  by t h i s  
method, and th a t  w a te r  h a lo s  i n  th e  d i f f r a c t i o n  p a t t e r n s  c o u ld  
mask c e l l u l o s e  r e f l e c t i o n s .  More r e c e n t l y  Heyn (1965)  has co n c lu d ed  
t h a t  u n d r ie d  c o t t o n  d oes  c o n t a in  some c i y s t a l l i n e  m a t e r ia l  though  
much l e s s  than  i n  d r ie d  f i b r e s .  W hatever th e  s t r u c t u r e  o f  t h i s  
s u b s t r a t e ,  th e r e  i s  no doubt t h a t  u n d r ied  c o t t o n  f i b r e s  removed 
from mature unopened b o l l s  are much more s u s c e p t i b l e  to  enzymic  
a t t a c k  th an  th e  f i b r e s  v/hich have p r e v i o u s ly  undergone a  p e r io d  
o f  n a tu r a l  d e h y d r a t io n .  A lth ou gh  n o t  as r e a c t i v e  as th e  commonly 
u sed  g r a d e s  o f  s o l u b l e  c e l l u l o s e  d e r i v a t i v e s ,  u n d r ied  c o t t o n  has  
been  found to  be r a p id ly  h y d r o ly se d  by many m icro -o rg a n ism s
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in c a p a b le  o f  c a t a b o l i z i n g  d r ie d  f i b r e s ,  and by c e l l - f r e e  enzyme 
p r e p a r a t io n s  i n a c t i v e  a g a in s t  th e  l a t t e r  (Marsh _et 1955;  
H a l l i w e l l ,  1 9 6 4 ) ,  i n d i c a t i n g  t h a t  th e  i n i t i a l  a c t i o n  o f  Cl i s  
n o t  r e q u ir e d  as a p r e l im in a r y  s t a g e  i n  the  h y d r o l y s i s  o f  u n d r ied  
c o t t o n  f i b r e s  by Cz enzym es.
The g e n e r a l  c o n se n su s  o f  o p in io n  t h e r e f o r e  i s  th a t  th e  c e l l u l o s e  
s t r u c t u r e  i n  c o t t o n  c o n s i s t s  o f  f i b r i l s  w hich  are m ain ly  composed  
o f  c r y s t a l l i n e  m a t e r i a l .  D iso rd ered  r e g io n s  are  e n v isa g e d  as  b e in g  
c o n f in e d  to  th e  s u r fa c e  o f  the f i b r i l s  and to  s h o r t  r e g io n s  
o c c u r r in g  w i t h in  th e  l a t t e r .  I n te r s p a c e d  i n  t h i s  s t r u c t u r e  i s  a 
com plex sy ste m  o f  lo n g  narrow v o id s  w hich  may be a l t e r e d  by p r e ­
trea tm en t  o f  th e  c o t t o n ,  and superim posed  upon th e  whole s t r u c t u r e  
i s  a  sy s te m  o f  t r a n s v e r s e  weak p l a c e s .  T h is  u n iqu e s t r u c t u r e  must 
t h e r e f o r e  be th e  b a s i s  f o r  any th e o r y  c o n c e r n in g  the  p o s s i b l e  
a c t i o n  o f  Cl and S - f a c t o r  enzymes on n a t iv e  c o t t o n  f i b r e s .
The change i n  a l k a l i  s w e l l i n g  o f  a c o t t o n  f i b r e  f o l l o w i n g  
th e  a c t i o n  o f  S - f a c t o r  i s  d e t e c t a b l e  b e fo r e  any red u c in g  s u g a r ,  
l o s s  i n  t e n s i l e  s t r e n g t h  or  change i n  DP can be ob served  (Marsh 
e t  a l . 1953a; 1 9 5 3 b ) .  B ecause t h i s  change i s  a s s o c i a t e d  w i t h  an 
in c r e a s e  i n  f i b r e  w id th ,  R eese  (1 9 5 6 )  s u g g e s te d  th a t  th e  a c t i o n  
o f  S - f a c t o r  i s  c h i e f l y  to  d e c r e a se  th e  d im e n s io n a l ly  r e s t r i c t i v e  
e f f e c t  o f  th e  netw ork o f  f i b r i l s  c o n s t i t u t i n g  th e  prim ary v /a l l  
o f  th e  f i b r e .  In  p r o p o s in g  t h i s  th e o r y ,  R eese  presumed t h a t  most 
o f  th e  t e n s i l e  s t r e n g t h  o f  th e  f i b r e  must be d e r iv e d  from th e  
much t h i c k e r  secon d ary  w a l l , and b e l i e v e d  i t  p o s s i b l e  th a t  S -  
f a c t o r  can  a c t  m ere ly  by b rea k in g  a few p 1 -4  l i n k a g e s  i n  
s u i t a b l y  o r i e n t a t e d  primary v /a l l  f i b r i l s  t o  r e l a x  the  c o n s t r i c t i n g  
e f f e c t  o f  th e  o u t e r  l a y e r s  w ith o u t  producing  a s im u lta n e o u s  l o s s  
o f  t e n s i l e  s t r e n g t h  or w e ig h t .  A l t e r n a t i v e l y  th e  s i t e  o f  a c t i o n
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may be some n o n - t y p i c a l  l in k a g e  o r  component. As a r e s u l t  o f  
e l e c t r o n  m icroscop y  s t u d i e s ,  R o l l i n s  & Tripp (1954)  s u g g e s t e d  
th a t  th e  a t t a c k  i s  n o t  r e s t r i c t e d  to  the s u r fa c e  but moy a l s o  
o ccu r  d eep er  w i t h in  th e  s t r u c tu r e #
For many y e a r s  f o l l o w i n g  th e  proposed e x i s t e n c e  o f  a Cl 
enzyme (R eese  ^  a l * 1 9 5 0 ) ,  a l l  a t tem p ts  to  prepare c e l l - f r e e  
e x t r a c t s  ca p a b le  o f  p roducing  e x t e n s i v e  h y d r o ly s i s  o f  n a t i v e  
c e l l u l o s e  f a i l e d .  Some l i m i t e d  s u c c e s s  v/as however a c h ie v e d  by 
th o s e  w orkers  who s t u d ie d  p h y s i c a l  changes o c c u r r in g  i n  th e  
c e l l u l o s e  s t r u c t u r e  f o l l o w i n g  tre a tm e n t  w ith  enzyme e x t r a c t s .  
Blum & S ta h l  (1 9 5 2 )  f o r  example t r e a t e d  dewaxed c o t t o n  f i b r e s  
w it h  an u n s p e c i f i e d  c e l l u l a s e  e x t r a c t  a t  40° and pH 6 . 0 ,  and 
a lth o u g h  u n a b le  to  d e t e c t  any s o l u b i l i z a t i o n ,  change i n  DP or  
c r y s t a l l i n i t y ,  measured a d e c r e a s e  i n  t e n s i l e  s t r e n g t h  o f  th e  
f i b r e s  o f  34^6 i n  3 - 5  d a y s .  The p r o g r e s s  o f  enzymic a t t a c k  
fo l l o w e d  m i c r o s c o p i c a l l y  i n d i c a t e d  th a t  th e  c h a r a c t e r i s t i c  sp ira l ,  
w in d in g s  o f  th e  f i b r e  d isa p p e a red  and were r e p la c e d  by cr a c k s  
and s p i r a l  f i s s u r e s  running i n  th e  o p p o s i t e  d i r e c t i o n .  W hile  
s e v e r e  t r a n s v e r s e  c r a c k in g  was ob serv ed  i n  the  c a se  o f  mature  
d r ie d  f i b r e s ,  f i b r e s  w hich had n e v e r  been a llo w ed  to  d eh yd rate  
e x h ib i t e d  h e l i c a l  s p l i t s  a f t e r  enzymic a t ta c k #
I n  1 9 6 3 , S e lb y ,  M aitland  and Thompson found th a t  c u l t u r e  
f i l t r a t e s  prepared  from Myrothecium v e r r u e a r i a  were ca p a b le  o f  
e x t e n s i v e  a t t a c k  on c o t t o n  p ro v id ed  th a t  r e p e a te d  a p p l i c a t i o n s  
o f  f r e s h  f i l t r a t e  were made. S h o r t ly  a f terw a rd s  Mandels & R eese  
( 1964 ) were s u c c e s s f u l  i n  p re p a r in g  even more a c t i v e  e x t r a c t s  
from Trichodcrma v i r i d e  w hich were cap ab le  o f  producing  h ig h  
s o l u b i l i z a t i o n s  o f  c o t t o n  by a s i n g l e  a p p l i c a t i o n ,  and i t  became 
apparent th a t  t h i s  would be a more c o n v e n ie n t  organism  to  u se
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i n  th e  s e a r c h  f o r  Cl • I t  v/as a l s o  f o r t u n a t e  th a t  a t  about t h i s  
tim e c o n s id e r a b le  advances  were b e in g  made i n  raacrom olecular  
f r a c t i o n a t i o n  t e c h n iq u e s ,  n o t a b ly  i n  m a t e r ia l s  a v a i l a b l e  f o r  
g e l  f i l t r a t i o n  and io n -e x c h a n g e  chroinatograpliy . The f o l l o w i n g  
y e a r s  t h e r e f o r e  saw th e  r e s u l t s  o f  numerous f r a c t i o n a t i o n  s t u d i e s  
o f  th e  c e l l u l a s e  sy s te m  o f  T . v i r i d e  (Mandels &c R e e s e ,  1964;
Iw a sa k i  ^  a l ,  1964; F lo r a ,  1965; L i ,  F lo r a  & King, 1965;
S e lb y  & M a it la n d ,  196?) v /ith  th e  con seq u en t d is c o v e r y  t h a t  t e n  
y e a r s  p r e v i o u s l y  G i l l i g a n  & R eese  (1954)  had i n  f a c t  come c l o s e  
t o  i s o l a t i n g  th e  01 component o f  t h i s  organism  by f r a c t i o n a t i o n  
on c a lc iu m  p hosp h ate  g e l s .  These w orkers had o b ta in e d  two f r a c t i o n s  
betw een  w hich  a s y n e r g i s t i c  a c t i o n  co u ld  be d em on stra ted ,  but th e  
in v o lv e m en t  o f  01 i n  t h i s  a c t i o n  went unobserved  a t  t h a t  t im e  
b ecau se  th e  f r a c t i o n s  were o n ly  t e s t e d  a g a in s t  m o d if ie d  c e l l u l o s i c  
s u b s t r a t e s .  The f a c t  th a t  a  marked syn erg ism  d id  occu r  betw een  
th e  01 and Ox com ponents v/as dem onstrated  by Mandels & R eese  (1964)  
and su b s e q u e n t ly  con firm ed  by S e lb y  & M aitland  (1 9 6 7 ) ,  who showed 
th e  rem arkable e f f e c t  o f  t h i s  sy n erg ism  by th e  a p p l i c a t i o n  o f  
r ig o r o u s  f r a c t i o n a t i o n  t e c h n iq u e s .  Thus th e  01 o f  T . v i r i d e  t o t a l l y  
l o s t  th e  a b i l i t y  t o  s o l u b i l i z e  n a t i v e  c e l l u l o s e  when i s o l a t e d  
from Ox. T h is  a b i l i t y  was however c o m p le te ly  r e s t o r e d  when th e  
i s o l a t e d  components were recom bined i n  t h e i r  o r i g i n a l  p r o p o r t io n s .  
In  an a ttem p t to  e x p la i n  t h i s  l o s s  o f  a c t i v i t y  on p u r i f i c a t i o n ,  
S e lb y  & M aitlan d  (1 9 6 7 )  s u g g e s te d  th a t  b eca u se  c o n t in u e d  d i a l y s i s  
enhanced th e  s o l u b i l i z a t i o n  o f  c o t t o n  by 01 but n o t  by Ox, th e  01 
enzyme m ight be s t r o n g l y  i n h i b i t e d  by a s o l u b l e  d i a l y s a b l o  produ ct  
w hich  Ox was a b le  t o  remove. The i d e n t i t y  o r  e x i s t e n c e  o f  su ch  a 
product has however remained u n r e s o lv e d .
In  a d d i t io n  to  T . .v i r id e . f r a c t i o n a t i o n  s t u d i e s  were a l s o
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c u r r e n t l y  b e in g  c a r r i e d  out on e x t r a c t s  from a v a r i e t y  o f  o th e r  
c e l l u l o l y t i o  m icro -o rg a n ism s  in c lu d in g  P o ly p o r u s  v e r s i c o l o r  
( P e t e r s s o n  £ t  1 9 6 3 );  M. verr u e  a r i a  (S e lb y  & M a it la n d ,  19 6 5 );  
Chrysosporum lign oru m  (E r ik s so n  & Rzedov/ski, 1969 );  Trichoderma  
k o n i n g i i  (Wood, 1968) and Fusarium s o l a n i  ( W o o d ,1 9 6 9 ) ,  The most 
s i g n i f i c a n t  o f  t h e s e  s t u d i e s  were th o s e  p u b l is h e d  by Wood on 
T .k o n i n g i i  and F . s o l a n i  due to  th e  s t r i k i n g  s i m i l a r i t i e s  e x h ib i t e d  
by th e  c e l l u l a s e  sy ste m s  o f  t h e s e  organism s and th a t  o f  T . v i r i d e . 
A lth o u g h  Wood was u n a b le  to  c o m p le te ly  f r e e  th e  Cl components o f  
t h e s e  organ ism s from r e s i d u a l  Cx a c t i v i t y ,  th e  a b i l i t y  o f  Cl to  
s o l u b i l i z e  n a t iv e  c e l l u l o s e  was a g a in  l o s t  on p u r i f i c a t i o n  and 
r e s t o r e d  by recom bin in g  th e  i s o l a t e d  components i n  t h e i r  o r i g i n a l  
p r o p o r t io n s .  U n l ik e  T . v i r i d e  hov/ever th e  r e c o v e r i e s  were n o t  100% 
but 77% and 81% r e s p e c t i v e l y .  The Cx system s o f  th e s e  th r e e  
organ ism s were a l s o  found to  be v e r y  s i m i l a r ,  c o n s i s t i n g  e s s e n t i a l l y  
o f  a  CMC-ase w hich  was a l s o  ca p a b le  o f  h y d r o ly s in g  i n s o l u b l e  
s w o l l e n  c e l l u l o s e  and was r e s p o n s i b le  f o r  most o f  th e  S - f a c t o r  
a c t i v i t y ,  and a ^ - g l u c o s i d a s e  component w hich  was a l s o  a f e e b l e  
e x o - p - g lu c a n a s e . Wood (1 9 6 8 )  c o n s e q u e n t ly  s u g g e s te d  th a t  th e s e  
s i m i l a r i t i e s  in d i c a t e d  one fundam ental mechanism f o r  th e  d e g r a d a t io n  
o f  n a t i v e  c e l l u l o s e  r a t h e r  than a random m ixture  o f  enzym es, a 
s u g g e s t i o n  s u b s e q u e n t ly  r e in f o r c e d  by t h i s  w o r k e r 's  d em o n str a t io n  
(Wood, 1 9 6 9 ) th a t  th e  Cl component o f  F . s o l a n i  s y n e r g iz e d  w i t h  th e  
Cx com ponents o f  T .k o n in g i i  and c o n v e r s e l y .
F r a c t i o n a t i o n  s t u d i e s  on M.v e r r u e a r i a  (S e lb y  & M a it la n d ,  1965)  
how ever r e v e a le d  a r a t h e r  d i f f e r e n t  p a t t e r n .  A lthough  th e  sy stem  
was a g a in  found to  be h e te r o g e n o u s ,  c o n s i s t i n g  o f  a CMC-ase and 
two o t h e r  components r e s p o n s i b l e  f o r  th e  f i l t r a t e ' s  a c t i v i t y  
to7/ards c o t t o n ,  S e lb y  & M aitland  were u n a b le  t o  d em on strate  any
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sy n erg ism  betw een t h e s e  th r e e  com ponents.
A d d i t io n a l  in fo r m a t io n  on th e  mechanism o f  d e g r a d a t io n  o f  
c o t t o n  was p ro v id ed  by H a l l i w e l l  (1965)  who showed th a t  c e l l - f r e e  
e x t r a c t s  o f  C e l l v i b r i o  g i l v n s  were ca p a b le  o f  s e v e r in g  th e  lo n g  
f i b r e s  o f  mature c o t t o n  to  s h o r t  f i b r e s  u p to  about 3mm i n  l e n g t h ,  
t h i s  a c t i o n  b e in g  accompanied by o n ly  a s l i g h t  l i b e r a t i o n  o f  
s o l u b l e  m a t e r i a l .  H a l l i w e l l  su b s e q u e n t ly  i n v e s t i g a t e d  a number 
o f  o t h e r  c e l l u l o l y t i o  m icro -o rg a n ism s  and found e x t r a c t s  o f  
T .k o n i n g i i  t o  be ev en  more a c t i v e  i n  t h i s  r e s p e c t ,  w i th  th e  e a r l y  
enzymic breakdown o f  th e  c o t t o n  f i b r e s  b e in g  a g a in  c h a r a c t e r iz e d  
by th e  fo r m a t io n  o f  v e r y  s h o r t  f i b r e s  ( H a l l i v / e l l  & R ia z ,  1 9 7 0 ) .
These f i b r e s  in c r e a s e d  to  a maximum l e v e l  w i t h  on ly  s l i g h t  
s im u lta n e o u s  p r o d u c t io n  o f  s o l u b l e  m a t e r i a l s ,  and were th e n  
g r a d u a l ly  h y d r o ly se d  to  g l u c o s e .  Short f i b r e  p r o d u c t io n  was 
c o n s id e r a b ly  a s s i s t e d  by s h a k in g ,  w i th  a p p ro x im a te ly  80% o f  th e  
c o t t o n  e x i s t i n g  as s h o r t  f i b r e s  and 16% as s o lu b le  su g a r s  a f t e r  
20 h ou rs  in c u b a t io n  a t  3 7 ° .  H a l l i v / e l l  d id  n o t  however make any 
attem pt to  i d e n t i f y  Cl a c t io n  w i th  th e  o b s e r v a t io n  o f  s h o r t  f i b r e  
l i b e r a t i o n ,  a lth o u g h  th e  p r e se n c e  o f  a Cx component a c t i v e  on 
both  CMC and r e p r e c i p i t a t e d  c e l l u l o s e ,  and a ^ - g l u c o s i d a s e  component 
was e s t a b l i s h e d .  More r e c e n t l y  H a l l i w e l l  & R iaz  (1 9 7 1 )  r e s o lv e d  
th e  c e l l u l a s e  complex o f  T .k o n in g i i  i n t o  fo u r  components; C l ,  
. ^ - g l u c o s i d a s e , and two components w hich  H a l l i w e l l  and R iaz  termed  
CMC-ase and C2. I t  v/as c la im ed  th a t  a l l  f o u r  components were 
n e c e s s a r y  f o r  th e  e f f i c i e n t  s o l u b i l i z a t i o n  o f  n a t iv e  c e l l u l o s e ,  
w it h  CMC-ase and C2 t o g e t h e r  b e in g  r e s p o n s i b le  f o r  s h o r t  f i b r e  
p r o d u c t io n  ( H a l l i w e l l  & R ia z ,  1 9 7 0 ) .  I t  i s  i n t e r e s t i n g  to  n o te  
t h a t  th e  f r a c t i o n a t i o n  s t u d i e s  on T .k o n in g i i  c a r r ie d  ou t by V/ood
( 196 8 ) d id  r e v e a l  th e  e x i s t e n c e  o f  a  f o u r t h  component found to  be
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a low m o le c u la r  w e ig h t  CMC-ase w hich  Wood however found had no 
e f f e c t  on th e  a b i l i t y  o f  th e  enzyme complex to  s o l u b i l i z e  c o t t o n .
The e x i s t e n c e  o f  a s i m i l a r  component i n  T . v i r i d e  e x t r a c t s  had 
a l s o  b een  r e p o r te d  e a r l i e r  by S e lb y  & M aitland  (1 9 6 7 ) .  A lth ou gh  
th e  r e s u l t s  o b ta in e d  by H a l l i w e l l  8c R iaz (1 9 7 1 )  i n d i c a t e  th a t  
Cl i s  n o t  in v o lv e d  i n  s h o r t  f i b r e  p r o d u c t io n  i n  th e  c a s e  o f  
T . k o n i n g i i , th e  a c t i o n  o f  t h i s  enzyme i n  a s i m i l a r  f r a g m e n ta t io n  
phenomenom was d em on strated  i n  th e  c a se  o f  T . v i r i d e  by King (1966 )  
and L iu  & King ( 1 9 6 7 ) .  These w orkers  obsoi'ved th a t  a p a r t i a l l y  
p u r i f i e d  Cl e x t r a c t  produced a marked i n c r e a s e  i n  th e  t o t a l  number 
o f  p a r t i c l e s  i n  a h y d r o c e l lu lo s e  s u b s t r a t e ;  i_e a p a r t i c u l a t e  
h ig h ly  c r y s t a l l i n e  r e s id u e  formed by c a r e f u l l y  c o n t r o l l e d  a c id  
h y d r o l y s i s  o f  n a t i v e  c e l l u l o s e .  The sm a ll  p a r t i c l e s  l i b e r a t e d  
were b e l i e v e d  to  be m i c e l l e s  w hich  were known to  be bound t o g e t h e r  
by hydrogen bonds i n  h y d r o c e l lu lo s e  p r e p a r a t io n s .  These o b s e r v a t io n s  
prompted L iu  & King to  s u g g e s t  th a t  th e  Cl component m ight n o t  be 
an enzyme i n  th e  u s u a l  s e n s e ,  but r a th e r  a p r o t e in  w hich  hydrogen  
bonded to  c e l l u l o s e  more t i g h t l y  than th e  c e l l u l o s e  hydrogen  
bonds t h e m s e lv e s .  T h is  i t  was p o s t u l a t e d  v/ould r e s u l t  i n  th e  
g ra d u a l c o l l a p s e  o f  th e  p a r t i c l e s  to  r e l e a s e  th e  m i c e l l e s ,  th ereb y  
i n c r e a s i n g  the s u r fa c e  a rea  a v a i l a b l e  f o r  f u r t h e r  a t t a c k .  S e lb y
( 196 9 ) however e x p r e s s e d  th e  b e l i e f  th a t  s i m i l a r  d i s a g g r e g a t i o n  
c o u ld  n o t  be presumed to  occu r  i n  c o t t o n  f i b r e s  i n  w hich  th e  more 
s t r u c t u r a l l y  complex f i b r i l l a r  b u n d les  v/ould be l e s s  l i k e l y  to  
s e p a r a te  i n  t h i s  manner, d e s p i t e  th e  f a c t  t h a t  p a r t i c l e s  about  
th e  s i z e  o f  i n d i v i d u a l  m i c e l l e s  may be formed v/hen c o t t o n  i s  
t r e a t e d  w i t h  whole c u l t u r e  f i l t r a t e .
The r o l e  o f  th e  Cl component i n  the  c e l l u l a s e  complex has  
t h e r e f o r e  remained u n r e s o lv e d  more than tw enty  y e a r s  a f t e r  i t s
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e x i s t e n c e  was f i r s t  p o s t u l a t e d .  O p in ions  have been e x p r e s s e d  
from tim e to  tim e co n c e r n in g  th e  p o s s i b l e  i d e n t i t y  o f  01 w i t h  
S - f a c t o r  i n  v iew  o f  th e  f a c t  t h a t  b o th  components are presumed  
to  be in v o lv e d  i n  th e  e a r l y  s t a g e s  o f  a t t a c k  on n a t iv e  c e l l u l o s e .
I n  a d d i t i o n ,  s w e l l i n g  may r e a s o n a b ly  be c o n s id e r e d  to  be a 
n e c e s s a r y  p r e r e q u i s i t e  o f  h y d r o l y s i s .  The o r i g i n a l  s u g g e s t i o n  
by R eese  and G i l l i g a n  (1 9 5 4 )  t h a t  S - f a c t o r  i s  a p r o p e r ty  o f  th e  
Cx sy ste m  has however been  s u b s e q u e n t ly  con firm ed  by s e v e r a l  
w orkers (Y o u a t t ,  1962; N is iz a w a  £ t  1966; Wood, 1968; 1 9 6 9 ) .
The im portance  o f  th e  p o s t u l a t e d  r o l e  o f  S - f a c t o r  i n  i n c r e a s i n g  
th e  s u s c e p t i b l e  s u r f a c e  a rea  o f  th e  s u b s t r a t e  has a l s o  r e c e n t l y  
been  q u e s t io n e d  v ; ith  th e  o b s e r v a t io n  th a t  th e  r a t e  o f  a d s o r p t io n  
o f  T . v i r i d e  Cl by th e  s u b s t r a t e  was u n a f f e c t e d  by th e  p r e s e n c e  
o f  Cx, and th a t  o f  Cx by Cl (S e lb y  & M a it la n d ,  1 9 6 7 ) .  These  
w orkers f a i l e d  t o  d e t e c t  any f u n c t i o n  w hich  Cl a lo n e  c o u ld  perform  
th a t  was n o t  e q u a l ly  a p r o p e r ty  o f  Cx or  o f  a m ixture o f  t h e s e  
enzym es, and c o n s e q u e n t ly  c o n c lu d ed  th a t  b o th  Cl and Cx must be 
p r e s e n t  on th e  s u b s t r a t e  s im u lta n e o u s ly  when c o n t r ib u t in g  to  th e  
s o l u b i l i z a t i o n  o f  h ig h ly  ord ered  c e l l u l o s e .
The i n a c t i v i t y  o f  p u r i f i e d  Cl towards n a t iv e  c e l l u l o s e  
measured by th e  p r o d u c t io n  o f  s h o r t  p o ly a n h y d ro g lu co se  c h a in s  
as  o r i g i n a l l y  p o s t u l a t e d  by R eese  ejt ^  (1 9 5 0 )  has l e d  t o  a 
c r i t i c a l  r e - e x a m in a t io n  o f  t h i s  t h e o r y .  S h o r t ly  a f t e r  th e  e x i s t e n c e  
o f  Cl was p r o p o sed ,  S iu  (1 9 5 1 )  l i g h t - h e a r t e d l y  s u g g e s te d  th a t  
ru p tu re  o f  hydrogen  bonds m ight form an e s s e n t i a l  p a r t  o f  t h i s  
enzym e's  a c t i o n ,  a  p r o p o s a l  w hich  became more f e a s i b l e  w i t h  the  
su bseq u en t o b s e r v a t io n  o f  h y d r o c e l l u l o s e  f r a g m e n ta t io n  by Cl 
(K ing, 1 9 6 6 ) .  More r e c e n t l y  S e lb y  (1969)  has p o s t u l a t e d  a new 
th eo ry  o f  Cl-Cx a c t i o n  based  on t h i s  "hydrogen-bondase" co n cep t
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and on new t h e o r i e s  co n cer n in g  th e  su p ra m o lecu la r  s t r u c t u r e  o f  
c o t t o n  (Warwicker ejt 1966) i n  w hich  th e  f i b r e  i s  b e l i e v e d  
t o  be formed o f  c o m p le te ly  c r y s t a l l i n e  e lem en tary  m i c r o f i b r i l s  
each  c o n t a in in g  about 100 c e l l u l o s e  c h a in s .  S e lb y  b e l i e v e s  th a t  
th e  d is tu r b a n c e  i n  hydrogen bonding o c c u r r in g  i n  th e  v i c i n i t y  
o f  th e  c h a in  ends may be i n s u f f i c i e n t  t o  a l lo w  Cx a lo n e  to  s p l i t  
o f f  s o l u b l e  s u g a r s .  V/hen b o th  Cl and Cx are p r e s e n t  how ever , a 
s i n g l e  bond ru p tu re  by Cx might a l lo w  th e  hydrogen bonding to  
be f u r t h e r  d is tu r b e d  by Cl w i t h  a con seq u en t lo o s e n in g  o f  th e  
s t r u c t u r e ,  p e r m it t in g  more e x t e n s i v e  a t t a c k  by Cx. I t  w i l l  be 
apparent th a t  t h i s  c o n cep t  d e p a r ts  markedly from th e  c l a s s i c a l  
th e o r y  i n  th a t  Cl i s  no lo n g e r  regarded  as perform ing  th e  i n i t i a l  
a t t a c k .  In  a d d i t io n  t o  b e in g  based  on th e  " hydrogen-bondase” 
t h e o r y ,  S e l b y ' s  p r o p o s a ls  c o n t a in  th e  added n o t io n  o f  a  v e r y  
l i m i t e d  number o f  s e n s i t i v e  s i t e s  t o  e x p la in  th e  d i f f i c u l t y  i n  
d e t e c t i n g  th e  a c t i o n  o f  th e  p u r i f i e d  c e l l u l a s e  components when 
a c t in g  a lo n e  on th e  c o t t o n  f i b r e .
At th e  tim e o f  commencement o f  t h i s  i n v e s t i g a t i o n  i t  was th u s  
apparent th a t  our knowledge o f  th e  enzymic d i s s o l u t i o n  o f  n a t i v e  
c e l l u l o s i c  m a t e r i a l s  was e x tr e m e ly  l i m i t e d .  A lthough  th e  Cx enzymes 
o f  a w ide v a r i e t y  o f  m icro -o rg a n ism s  had been  th o ro u g h ly  i n v e s t ­
i g a t e d ,  th e  Cl component d e s p i t e  i t s  ob v io u s  im portance i n  t h i s  
p r o c e s s  had been l a r g e l y  n e g l e c t e d .  The few r e p o r t s  a v a i l a b l e  a t  
t h a t  t im e d e s c r ib in g  t h i s  enzyme (Mandels & R e e s e ,  1964; L i ,
F lo r a  & K ing, 1965; F lo r a ,  1965; S e lb y  & M a it la n d ,  1967; V/ood,
1 9 6 8 ) w ere concerned  m ain ly  w i t h  i t s  i s o l a t i o n  from th e  r e s t  o f  
th e  c e l l u l a s e  com plex o f  e i t h e r  T . v i r i d e  or  T. k o n l n g i i , and 
fu r n is h e d  few d e t a i l s  o f  i t s  p o s s i b l e  mode o f  a c t i o n .  As an 
a c t i v e  programme o f  r e s e a r c h  on Trichoderma was o b v io u s ly  w e l l
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e s t a b l i s h e d ,  a  s i m i l a r  i n v e s t i g a t i o n  c a r r ie d  out on a d i f f e r e n t  
organ ism  was c o n s id e r e d  n e c e s s a r y  to  t e s t  Wood's fundam ental  
c o n c e p t  o f  a m ic r o b ia l  c e l l u l a s e  sy s te m , and to  s tu d y  th e  
mechanism o f  01 a c t i o n  i n  some d e t a i l .  In  a d d i t io n  i t  was hoped  
t h a t  some in fo r m a t io n  c o u ld  be o b ta in e d  on th e  p o s s i b l e  occu rr en ce  
o f  c e l l - b o u n d  c e l l u l a s e  components i n  an e f f o r t  to  e x p l a i n  th e  
c o n s id e r a b le  d i f f e r e n c e s  i n  a c t i v i t y  e x h ib i t e d  by c e l l - f r e e  
e x t r a c t s  and th e  v i a b l e  m icr o -o rg a n ism .
The d e c i s i o n  to  i n v e s t i g a t e  c e l l u l a s e  a c t i v i t y  i n  C e p h a lo sp o r ia  
was d i c t a t e d  by s e v e r a l  f a c t o r s .  As p a r t  o f  a r e s e a r c h  programme 
b e in g  c a r r i e d  out a t  th e  U n i v e r s i t y  o f  B ath  on m o rp h o lo g ic a l  and 
p h y s i o l o g i c a l  f e a t u r e s  o f  t h i s  group o f  o rg a n ism s , a p re l im in ary ’’ 
s c r e e n in g  o f  the  U n i v e r s i t y  c u l t u r e  c o l l e c t i o n  had r e v e a le d  the  
p r e s e n c e  o f  a number o f  a c t i v e l y  c e l l u l o l y t i o  s p e c i e s  (Y /right, 1 9 6 8 ) .  
The a b i l i t y  o f  t h e s e  organism s t o  s o l u b i l i z e  h ig h ly  ord ered  forms  
o f  c e l l u l o s e  was a l s o  a p p a r e n t ly  dependent upon th e  p r o x im ity  o f  
th e  organ ism  to  th e  s u b s t r a t e ,  s u g g e s t in g  a c e l l - b o u n d  or  n on-  
d i f f u s i b l e  c e l l u l a s e  component. E v id en ce  i n d i c a t i n g  th e  im portance  
o f  C ep h a lo sp o r ia  i n  th e  n a t u r a l  d e c o m p o s it io n  o f  p la n t  w a s te s  
had b een  p ro v id ed  by D ic k in s o n  & Pugh (19 6 5 )  who by th e  u s e  o f  
a s e l e c t i v e  c e l l u l o s e  agar  ob serv ed  th e s e  organ ism s to  be th e  
most f r e q u e n t ly  i s o l a t e d  c e l l u l o l y t i o  s o i l  f u n g i .  Domsch and 
Gams ( 1 9 6 9 ) s u b s e q u e n t ly  examined th e  a b i l i t y  o f  s e v e r a l  fu n g i  
t o  h y d r o ly s e  a v a r i e t y  o f  p o ly s a c c h a r id e s  in c lu d in g  CMC, and 
r e p o r te d  C ephalosporium  roseum and C .furoatum  to  be even  more 
a c t i v e  on t h i s  s u b s t r a t e  than  many o f  th e  more w e l l  known 
c e l l u l o l y t i o  fu n g i  in c lu d in g  T richoderm a, M yrothecium , F u sa r iu m , 
and P é n i c i l l i u m .
A d e t a i l e d  a n a l y s i s  o f  th e  c e l l u l a s e  sy stem  o f  t h i s  im p ortan t
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but a p p a r e n t ly  l a r g e l y  ig n o re d  group o f  organ ism s was c o n s e q u e n t ly  
c o n s id e r e d  to  be a p o t e n t i a l l y  w o rth w h ile  c o n t r ib u t io n  to  th e  
f i e l d  o f  c e l l u l a s e  r e s e a r c h .
3 5 .
MATERIALS AND METHODS
( a )  S e l e c t i o n  o f  organism
The organism  u se d  th rou gh out t h i s  i n v e s t i g a t i o n  was s e l e c t e d  
from  a c u l t u r e  c o l l e c t i o n  o f  C e o h e lo sp o r ia  end r e l a t e d  organism s  
on th e  b a s i s  o f  a p r e l im in a r y  s c r e e n in g  f o r  c e l l u l o l y t i o  a c t i v i t y  
c a r r i e d  out as p a r t  o f  a f i n a l  y e a r  d eg ree  p r o j e c t  (W right,  1 9 6 8 ) .  
T h is  s c r e e n in g  was based  on measurement o f  s o l u b i l i z a t i o n  zo n es  
produced  i n  c e l l u l o s e  agar  p l a t e s  by each  organ ism . I n i t i a l l y ,  
s ta n d a rd  p l a s t i c  p e t r i  d i s h e s  ( S t e r i l i n )  were poured w ith  1 5 .0  ml 
a l i q u o t s  o f  th e  medium d e s c r ib e d  by S k in n er  ( I 9 6 0 )  c o n t a in in g
0.05% w /v  (NH^)2S0 ^
0.65%  ” KgHPO^
0.35% ” KHgPO^
0.005%  " CaClg
0.005% " MgSO .7HgO
0.1% " NaCl
0.01% " Y ea st  e x t r a c t  (O xoid)
0.5% " CMC (sodium  s a l t )
0.05% " C e l l u l o s e
1.5% " Ageir (Oxoid N o .3 )
The c e l l u l a s e  s u b s t r a t e  was added i n  th e  formi o f  an i n s o l u b l e  
p a r t i c u l a t e  s u s p e n s io n  i n  d i s t i l l e d  w a te r ,  produced by t r e a t i n g  
n o n -a b so r b e n t  c o t t o n  w ool w i t h  90% v / v  h y d r o c h lo r ic  a c id  f o r  24h  
a t  room te m p era tu re ,  w ashing w ith  d i s t i l l e d  w a ter  u n t i l  n e u t r a l  
and b a l l  m i l l i n g  f o r  72h i n  a P a s c a l l  m i l l ,  (H un gate ,1 9 5 0 ) .  The 
medium v/as s t e r i l i z e d  by a u to c la v in g  a t  15 lb  p r e s s u r e  (121 ) 
f o r  15 min and a llo w e d  to  c o o l  to  45^ b e fo r e  p o u r in g .  D e s p i t e  
t h i s  c o o l in g  and in c o r p o r a t io n  o f  CMC i n t o  th e  medium, c o n s id e r a b le
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s e d im e n t a t io n  o f  the  c e l l u l o s e  p a r t i c l e s  occurred  b e fo r e  th e  agar  
s o l i d i f i e d .  Subsequent grov/th o f  th e  t e s t  organism  was s p a r s e ,  
and no a rea s  o f  c e l l u l o s e  h y d r o l y s i s  c o u ld  be ob served  a f t e r  
i n c u b a t io n  a t  27 °  f o r  21 d a y s .  In  o rd er  to  overcome t h i s  problem  
a l a y e r  p l a t e  te c h n iq u e  was a d op ted . P l a t e s  were poured i n i t i a l l y  
w it h  1 0 .0  ml a l i q u o t s  o f  th e  medium d e s c r ib e d  p r e v i o u s ly  but  
l a c k i n g  th e  c e l l u l o s e  s u b s t r a t e ,  and a llo w e d  to  s o l i d i f y .  5 . 0  ml 
o f  th e  com p lete  medium a t  45° v/ore sp read  e v e n ly  o v e r  th e  f i r s t  
l a y e r  and g e l l i n g  was a c c e l e r a t e d  by im m ed ia te ly  t r a n s f e r r i n g  th e  
p l a t e s  to  a deep f r e e z e  compartment a t  - 2 0 °  f o r  10 m in. M icro­
s c o p i c a l  ex a m in a t io n  o f  s e c t i o n s  c u t  from th e s e  p l a t e s  r e v e a le d  
t h a t  th e  c e l l u l o s e  p a r t i c l e s  were e v e n ly  d i s t r i b u t e d  throughout  
th e  upper  l a y e r ,  th e  lo w e r  l a y e r  a c t in g  as  a n u t r i e n t  r e s e r v o i r  
and p r e v e n t in g  premature d e s i c c a t i o n  o f  th e  medium.
P l a t e s  were s ta b  in o c u la t e d  i n  t r i p l i c a t e  from sp ore  su sp e n ­
s i o n s  o f  each  organism  prepared  by sh ak in g  2 . 0  ml o f  s t e r i l e  
d i s t i l l e d  w a ter  and a fev/ s t e r i l e  g l a s s  beads w i t h  c u l t u r e s  
grown on m alt  agar (O xoid) s l o p e s  f o r  14 days a t  2 7 ° .  A f t e r  
in c u b a t io n  a t  27° f o r  7 days th e  p l a t e s  were examined f o r  g ro w th ,  
and c o lo n y  and c e l l u l o s e  s o l u b i l i z a t i o n  zone d ia m eter s  measured  
u s in g  v e r n i e r  c a l i p e r s .  For f u r t h e r  com parison  th e  e x t e n t  o f  
c e l l u l o s e  h y d r o ly s i s  was a s s e s s e d  i n  each  c a s e  on an a r b i t r a r y  
s c a l e  from 0 (no v i s i b l e  c l e a r i n g )  to  5 ( e x t e n s i v e  c l e a r i n g ) .
A f t e r  t h i s  in c u b a t io n  p e r io d  c e l l u l o s e  d e c o m p o s it io n  became 
ob scu red  by hyphal g ro w th . The r e s u l t s  o f  t h i s  s c r e e n in g  are  
reproduced  i n  T a b le . 1 .
(b )  M aintenance o f  c u l t u r e s .
S tock  c u l t u r e s  were m ain ta in ed  i n  s t e r i l e  s o i l  a t  4°» s u b c u l tu r in g  
b e in g  perform ed by a s e p t i c a l l y  t r a n s f e r r i n g  a few s o i l  crumbs to
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f r e s h  medium as r e q u ir e d .  At r e g u la r  i n t e r v a l s  s u b c u l tu r e s  were 
made on m alt agar p l a t e s  in c u b a te d  a t  27°  f o r  14 days and on 
n u t r i e n t  agar p l a t e s  in c u b a te d  a t  27°  and 37°  f o r  7 days as a 
ch eck  f o r  fu n g a l  and b a c t e r i a l  c o n ta m in a t io n ,
( c )  S u b s t r a t e s .
G lu c o s e ,  c e l l o b i o s e ,  o -n i t r o p h e n y l  ^-D g lu c o p y r a n o s id e  and 6-brom o-  
2 -n a p h th y l  g lu c o p y r a n o s id e  were p u rch ased  from BDH L t d , ,  P o o l e ,  
E n g la n d , C e l l o t r i o s e  and c e l l o t e t r a o s e  were prepared  by a c id  
h y d r o l y s i s  o f  Whatmans CP-11 c e l l u l o s o  powder w ith  fuming hydro­
c h l o r i c  a c i d .  A f t e r  n e u t r a l i z a t i o n  o f  th e  h y d r o ly s a te  w i th  sodium  
b ic a r b o n a te  th e  o l i g o s a c c h a r i d e s  were i s o l a t e d  by chromatography  
on a c h a r c o a l - c e l i t e  column p rep ared  w ith  BDH a c t iv a t e d  c h a r c o a l  
and e l u t e d  v /i th  an in c r e a s i n g  e th a n o l  g r a d ie n t  ( M i l l e r ,  Dean &
Blum, i 9 6 0 ) .
Sodium carboxym ethyl c e l l u l o s e  v/as a sample o b ta in e d  from  
B r i t i s h  C e la n ese  L td ,  w i th  an average  d eg ree  o f  s u b s t i t u t i o n  o f  
0 ,5  as measured by th e  method o f  Green ( 1 9 6 3 ) .
An amorphous p a r t i c u l a t e  c e l l u l o s e  s u b s t r a t e  was prepared  
by th e  method o f  Hungate as d e s c r ib e d  under  ( a ) .
N a t iv e  c o t t o n  f i b r e s  were o b ta in e d  from th e  f u l l y  opened b o l l s  
o f  p l a n t s  o f  Gossypium barbadense k in d ly  p ro v id ed  by th e  H o r t i c u l t u r e  
departm ent o f  th e  U n i v e r s i t y  o f  B a th .  Samples o f  u n d r ied  b o l l  
c o t t o n  were o b ta in e d  by d i s s e c t i n g  r ip e  but unopened b o l l s  under  
w a t e r ,  s t o r in g  th e  f i b r e s  u n t i l  r e q u ir e d  i n  0 .0 0 5  M sodium a z id e  
a t  5 ° .  N on-ab sorb en t c o t t o n  w ool was a l s o  u t i l i z e d  as an a l t e r n a t i v e  
s o u r c e  o f  h ig h ly  ord ered  c r y s t a l l i n e  c e l l u l o s e .
( d ) Enzyme p r o d u c t io n  i n  l i q u i d  c u l t u r e .
Organisms were c u l t u r e d  i n  250 ml E rlenm eyer f l a s k s  c o n t a in in g
8 0 . 0  ml o f  medium and in c u b a te d  a t  27° on a r o ta r y  sh a k e r  (320  rpm.
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1" th r o w ) .  The l i q u i d  medium u sed  through out t h i s  i n v e s t i g a t i o n  
f o r  th e  grow th o f  C « acremonium c o n s i s t e d  o f  th e  m in era l s a l t s -  
y e a s t  e x t r a c t  b ase  d e s c r ib e d  e a r l i e r  to  w hich  was added v a r io u s  
c e l l u l o s e  d e r iv e d  carbon s o u r c e s  a t  a l e v e l  o f  1,(% ( w /v ) .  
S t e r i l i z a t i o n  was by a u to c la v in g  a t  15 p s i  f o r  15 m in. In  th e  
c a s e  o f  g lu c o s e  and c e l l o b i o s e  p r e c i p i t a t i o n  o f  p h o sp h a tes  was 
found to  occu r;  t h i s  was p r e v e n te d  by a u to c la v in g  4 0 .0  ml o f  
double  s t r e n g t h  m in era l  s a l t s  s o l u t i o n  and 4 0 .0  ml o f  2.0% g lu c o s e  
o r  c e l l o b i o s e  i n  d i s t i l l e d  w a ter  i n  s e p a r a te  f l a s k s  and m ixing  
a s e p t i c a l l y  when c o o l .
Seed s t a g e  f l a s k s  c o n t a in in g  th e  m in e r a l  s a l t s / g l u c o s e  
medium were in o c u la t e d  from th e  s t o c k  s o i l  c u l t u r e s  by th e  method 
d e s c r ib e d  e a r l i e r  and shaken a t  27° f o r  5 d a y s .  C e l l s  were  
h a r v e s t e d  by c e n t r i f u g a t i o n  a t  2 3 ,0 0 0 g  i n  an MSE 18 h ig h  speed  
c e n t r i f u g e  a t  0 ° ,  washed tw ic e  w i t h  c h i l l e d  s t e r i l e  d i s t i l l e d  
w a te r  and f i n a l l y  resuspend ed  i n  th e  l a t t e r  to  g iv e  a su s p e n s io n  
w hich  when d i l u t e d  one i n  t e n  showed 50% tr a n s m is s io n  a t  600 n«w 
i n  an EEL S p e c tr a  c o l o r im e t e r .  2 . 0  ml a l i q u o t s  o f  t h i s  s u s p e n s io n  
were u se d  as in ocu lum  f o r  th e  p r o d u c t io n  s t a g e  f l a s k s  c o n ta in in g  
o l i g o s a c c h a r i d e s  or  c e l l u l o s i c  s u b s t r a t e s .
Optimum in c u b a t io n  p e r io d s  f o r  enzyme in d u c t io n  were a s c e r t ­
a in ed  by a s s a y in g  c u l t u r e  f i l t r a t e s  prepared  from p r o d u c t io n  s t a g e  
f l a s k s  a t  24h i n t e r v a l s .  These stand ard  i n o c u l a t i o n  and in c u b a t io n  
p r o c e d u r e s  were m a in ta in ed  throu ghout su b seq u en t  i n v e s t i g a t i o n s ,
( e )  Enzyme e x t r a c t i o n .
In  a d d i t io n  to  th e  c e l l - f r e e  components o f  th e  c e l l u l a s e  system  
p r e s e n t  i n  c u l t u r e  f i l t r a t e s ,  th e  p o s s i b l e  e x i s t e n c e  o f  c e l l - b o u n d  
components was a l s o  i n v e s t i g a t e d .
C u ltu r e s  were c e n t r i f u g e d  a t  2 3 ,0 0 0 g  f o r  30  min a t  0 ° ,  th e
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s u p e r n a ta n t  d ecan ted  i n t o  m ed ica l  f l a t  b o t t l e s  and f r o z e n  a t  - 2 0 °  
as  a t h i n  l a y e r  on the broad s i d e  o f  th e  b o t t l e  b e fo r e  b e in g  
t r a n s f e r r e d  to  th e  vacuum chamber o f  a f r e e z e  d r i e r .  The c e l l s  
were washed once w i t h  c i t r a t e  b u f f e r  pH 5*0 ( 0 ,0 5  M) and r e c e n t r i ­
fu ged  f o r  10 m in. A pproxim ate ly  1 0 . Og o f  wet c e l l s  were suspended  
i n  3 0 . 0  ml o f  c i t r a t e  b u f f e r  and hom ogenised w ith  5 0 , Og o f  
G la s p e r le n  beads ( 0 , 4 5 - 0 , 5 0  mm d ia m e te r )  f o r  5 min i n  a Braun 
(M.SK) h om ogen iser  a t  maximum s p e e d .  The homogenate was c e n t r i f u g e d  
a t  3 8 ,0 0 0 g  f o r  30 min a t  0° and the  su p e rn a ta n t  removed. The c e l l  
fra g m en ts  v/ere washed once w i th  c i t r a t e  b u f f e r ,  r e c e n t r i f u g e d  
a t  3 8 ,0 0 0 g  f o r  15 min, f r o z e n  a t  -2 0 °  and f r e e z e  d r i e d .
F r e e z e  d r ie d  f i l t r a t e s  and c e l l  fragm en ts  were s t o r e d  a t  5° 
f o r  a maximum p e r io d  o f  fo u r  w eeks and were then  d is c a r d e d  due 
t o  g r a d u a l  l o s s  o f  a c t i v i t y .  The c e l l - f r e e  enzymes were o b ta in e d  
as r e q u ir e d  by r e c o n s t i t u t i n g  th e  f r e e z e  d r ie d  f i l t r a t e s  w ith  0 ,0 5  M 
c i t r a t e  b u f f e r  pH 5 . 0  a t  5 ° .  In  th e  e a r l y  s t a g e s  o f  t h i s  i n v e s t ­
i g a t i o n  th e  c e l l  bound c e l l u l a s e  a c t i v i t y  was e s t im a te d  i n  a crude  
enzyme p r e p a r a t io n  c o n s i s t i n g  o f  a 1.0% w /v  s u sp e n s io n  o f  c e l l  
fra g m en ts  i n  c i t r a t e  b u f f e r .  In  ord er  however to  compare th e  
p r o p e r t i e s  o f  th e  c e l l - b o u n d  components w i t h  th o se  found f r e e  i n  
c u l t u r e  f i l t r a t e s  i t  was found n e c e s s a r y  to  o b ta in  sam ples  o f  
th e  bound enzymes i n  aqueous s o l u t i o n .  S e v e r a l  s o l u b i l i z a t i o n  
t r e a tm e n ts  were t e s t e d  by su sp en d in g  0 . 1 g amounts o f  c e l l  fragm en ts  
i n  1 0 .0  ml q u a n t i t i e s  o f  ( i )  0 .2  M NaCl; ( i i )  0 .2  M CaCl^;
( i i i )  8 . 0  M u r e a ;  ( i v )  d i s t i l l e d  w ater;  ( v )  0 .0 5  M c i t r a t e  b u f f e r  
pH 5 . 0  a t  room tem perature  f o r  2 h . In  a d d i t i o n ,  an enzyme p rep­
a r a t i o n  o b ta in e d  from a s o i l  s tr e p to m y c e te  ca p a b le  o f  degrad in g  
c e l l  v / a l l 8 o f  C .d io s p o r i  but shown i n  c o n t r o l l e d  e x p er im en ts  to  
be f r e e  from any c e l l u l o l y t i o  a c t i v i t y  was i n v e s t i g a t e d  f o r  i t s
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e f f i c i e n c y  i n  r e l e a s i n g  c e l l - b o u n d  c e l l u l a s e  components by 
su sp en d in g  0 .1 g o f  c e l l  fragm en ts  i n  6 . 0  ml o f  t h i s  enzyme 
s o l u t i o n  and 4 . 0  ml o f  c i t r a t e  b u f f e r  pH 5 .0  a t  30°  f o r  2h*
A f t e r  trea tm en t  th e  c e l l  d e b r i s  was removed by c e n t r i f u g a t i o n  
a t  4*000 rpm i n  a BTL bench c e n t r i f u g e  f o r  5 min, th e  su p e r n a ta n ts  
c o l l e c t e d  and th e  d e b r is  resu spend ed  i n  1 0 .0  ml q u a n t i t i e s  o f  
f r e s h  c i t r a t e  b u f f e r .  Samples o f  th e  su p e r n a ta n ts  and th e  t r e a t e d  
c e l l  fragm ent s u s p e n s io n s  were w ithdrawn and t e s t e d  f o r  c e l l u l o -  
l y t i c  a c t i v i t y ,  and th e s e  r e s u l t s  were th en  compared w i t h  th e  
a c t i v i t y  e x h ib i t e d  by a 1.0% w /v  s u s p e n s io n  o f  u n tr e a te d  fragm en ts  
i n  c i t r a t e  b u f f e r .
( f ) Enzyme a s s a y s .
( i )  Cx enzym es. C e l l o b i a s e  ( ^ - g l u c o s i d a s e ) a c t i v i t y  was d eterm ined  
by in c u b a t in g  1 .0  ml o f  an a p p r o p r ia te  d i l u t i o n  o f  enzyme s o l u t i o n  
i n  c i t r a t e  b u f f e r  pH 5 . 0  w i t h  1 . 0  ml o f  a 5 . 0  mM s o l u t i o n  o f  
o - n i t r o p h e n y l  ^-D g lu c o p y r a n o s id e  (OITPG) i n  c i t r a t e  b u f f e r  c o n t ­
a in in g  0 .0 0 5  M NaN^ f o r  20 min a t  4 0 ° .  The r e a c t i o n  was term in a te d  
by th e  a d d i t io n  o f  2 . 0  ml o f  m olar Na^CO^ s o l u t i o n ,  th e  volume  
a d ju s te d  to  1 0 .0  ml w ith  d i s t i l l e d  v /ater  and the  o p t i c a l  d e n s i t y  
o f  th e  s o l u t i o n  a t  420 n h \rea d  a g a in s t  a s u i t a b l e  b la n k .  O p t ic a l  
d e n s i t y  r e a d in g s  were c o n v e r te d  to  >ig o f  o -n i t r o p h e n o l  l i b e r a t e d  
by r e f e r e n c e  to  a s tand ard  c u r v e .  One u n i t  o f  ^ - g l u c o s i d a s e  
a c t i v i t y  was d e f in e d  as the  amount o f  enzyme re q u ir e d  to  l i b e r a t e
1 .0  p.g o f  o - n i t r o p h e n o l  under th e  c o n d i t io n s  o f  th e  a s s a y .
R e a c t io n  p r o g r e s s  c u r v e s  were produced u s in g  th e  a s sa y  method 
d e s c r ib e d  above to  a n a ly s e  sam ples  withdrawn a t  s u i t a b l e  i n t e r v a l s  
from in c u b a t io n  m ix tu r e s  c o n t a in in g  8 . 0  ml o f  ONPG s o l u t i o n  made 
0 ,0 0 5  M w ith  r e s p e c t  to  NaU^, 1 . 0  ml c i t r a t e  b u f f e r  pH 5 . 0  and
1 . 0  ml o f  enzyme s o l u t i o n .  C o n tr o ls  c o n s i s t e d  o f  enzyme and
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s u b s t r a t e  s o l u t i o n s  d i l u t e d  s i m i l a r l y  w ith  b u f f e r  and in cu b a ted  
s e p a r a t e l y .
A c t i v i t y  tov/ards o l i g o s a c c h a r id e s  was measured i n  d i g e s t  
m ix tu r e s  c o n s i s t i n g  o f  1 .0  ml o f  enzyme s o l u t i o n  and 1 . 0  ml o f  
a 5 . 0  itîM s o l u t i o n  o f  t h e s e  s u b s t r a t e s  i n  c i t r a t e  b u f f e r  c o n t a in in g  
0 .0 0 5  M The m ixture  was in c u b a te d  a t  40° f o r  20 min and th e
i n c r e a s e  i n  r e d u c in g  power e s t im a te d  by adding 2 .0  ml o f  Somogyi 
(1 9 5 2 )  r e a g e n t ,  h e a t in g  a t  100° f o r  15 min and c o o l i n g .  2 . 0  ml 
o f  N e ls o n  (1944)  r e a g e n t  were added, th e  m ixture  d i l u t e d  to  2 5 .0  ml 
and th e  o p t i c a l  d e n s i t y  a t  660 nM read  a g a in s t  enzyme and s u b s t r a t e  
b la n k s  in cu b a ted  s e p a r a t e ly  under  th e  same c o n d i t i o n s .  O p t ic a l  
d e n s i t y  r e a d in g s  were co n v e r te d  to  ;ig o f  red u c in g  su g a r  (a s  g l u c o s e )  
by r e f e r e n c o  to  a stand ard  c u r v e .  Under t h e s e  c o n d i t io n s  th e  
amount o f  h y d r o ly s i s  was p r o p o r t io n a l  t o  th e  enzyme c o n c e n t r a t i o n ,  
and th e  u n i t  o f  a c t i v i t y  v/as d e f in e d  as th e  amount o f  enzyme 
r e q u ir e d  to  l i b e r a t e  red u c in g  su g a rs  e q u iv a le n t  to  1 . 0  p.Q  o f  
g lu c o s e  under th e  c o n d i t io n s  o f  th e  a s s a y .
Enzym atic h y d r o l y s i s  o f  carboxym ethyl c e l l u l o s e  v/as e s t im a te d  
e i t h e r  v i s c o m e t r i c a l l y  or  by m easuring th e  p r o d u c t io n  o f  red u c in g  
s u g a r s ,  V iscom etry  s t u d i e s  were c a r r ie d  out i n  an O stw ald  v i s c o m e te r  
(T ech n ic o  VS 220B) mounted v e r t i c a l l y  i n  a t h e r m o s t a t i c a l l y  
c o n t r o l l e d  g l a s s  w a te r  bath  a t  4 0 ° .  A 1.0% w /v  s o l u t i o n  o f  CMC 
was prep ared  by h e a t in g  th e  s u b s t r a t e  i n  c i t r a t e  b u f f e r  a t  100°  
f o r  30 min fo l lo w e d  by c e n t r i f u g a t i o n  a t  4 ,0 0 0  rpm f o r  15 min 
to  remove p a r t i c u l a t e  m a t te r .  The c l e a r  su p e rn a ta n t  was made 0 .0 0 5  
m olar w i t h  r e s p e c t  t o  Naîî^ and 8 . 0  ml added to  the  v i s c o m e te r  to  
e q u i l i b r a t e .  1 .0  ml o f  c i t r a t e  b u f f e r  was added fo l lo w e d  by 1 ,0  ml 
o f  enzyme s o l u t i o n ;  b o th  o f  t h e s e  s o l u t i o n s  v/ere r a i s e d  to  40°  
p r i o r  to  a d d i t io n  by in c u b a t io n  s e p a r a t e ly  i n  the  same w a ter  b a th
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f o r  a few  m in u te s .  The time was n o ted  when 0 .5  ml o f  th e  enzyme 
had e n te r e d  th e  v i s c o m e t e r ,  and the  c o n t e n t s  mixed f o r  1 min by 
drawing the  m ixtu re  r e p e a te d ly  through  th e  c a p i l l a r y  o f  th e  
v i s c o m e t e r .  Measurements o f  th e  tim e r e q u ir e d  f o r  th e  l i q u i d  
m en iscu s  to  p a ss  two g r a d u a t io n  marks were made a t  r e g u la r  
i n t e r v a l s  a f t e r  th e  a d d i t io n  o f  the  enzyme. The exp er im en t was 
r e p e a te d  u s in g  1 . 0  ml o f  th e  same enzyme s o l u t i o n  d en atu red  by 
h e a t in g  a t  100° f o r  v a r y in g  p e r i o d s ,  and f i n a l l y  a f t e r  thorough  
c l e a n s i n g ,  th e  v i s c o m e t e r  was lo a d e d  w ith  1 0 .0  ml o f  d i s t i l l e d  
v /a ter  a t  40° and th e  f lo w  tim e m easured. A graph o f  r e l a t i v e  
v i s c o s i t y  (nR) a g a in s t  r e a c t i o n  tim e was p l o t t e d ,  where
-  tim e o f  f lo w  o f  in c u b a t io n  m ixtu re
tim e o f  f lo7 / o f  w a ter
and R e a c t io n  tim e -  x  -f  ( y / 2 )
where x  i s  the  t im e betw een m ix ing  enzyme and s u b s t r a t e  and th e  
s t a r t  o f  any v i s c o s i t y  m easurement, and y  i s  th e  f lo w  tim e o f  
th e  in c u b a t io n  m ix tu re  (Wood, 1 9 5 5 ) .
The a c t io n  o f  enzyme i n h i b i t o r s  on th e  h y d r o ly s i s  o f  CMC 
c o u ld  be s tu d ie d  by s u b s t i t u t i n g  1 .0  ml o f  i n h i b i t o r  s o l u t i o n  
i n  p la c e  o f  th e  1 .0  ml a l i q u o t  o f  b u f f e r  in c lu d e d  i n  u n in h ib i t e d  
m ix t u r e s ,  th ereb y  m a in ta in in g  th e  f i n a l  volume a t  1 0 .0  m l. By 
w ithdrav/ing  s u i t a b l y  s i z e d  sam ples  from i d e n t i c a l  in c u b a t io n  
m ix tu r e s  m a in ta in ed  a t  40° i n  a s e p a r a te  w a te r  b a th  and a s s a y in g  
f o r  re d u c in g  s u g a r s ,  a d i r e c t  com parison  o f  th e  h y d r o ly t i c  p r o c e s s  
c o u ld  be made as measured by b o th  m ethods. When a s s a y in g  r o u t i n e l y  
f o r  CMC-ase a c t i v i t y  how ever, 1 . 0  ml o f  enzyme s o l u t i o n  was 
in c u b a te d  w ith  1 . 0  ml o f  1.0% CMC s o l u t i o n  f o r  2h a t  40° and t e s t e d
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f o r  r e d u c in g  su gar  c o n t e n t .  The u n i t  o f  a c t i v i t y  was d e f in e d  
as th a t  amount o f  enzyme r e q u ir e d  to  l i b e r a t e  red u c in g  su g a rs  
e q u iv a le n t  to  1 ,0  ^ g  o f  g lu c o s e  under th e  c o n d i t io n s  o f  th e  
a s s a y .
H y d r o ly s i s  o f  the  a c id  s w o l l e n  m i l l e d  c e l l u l o s e  s u b s t r a t e  
v/as determ ined  r o u t i n e l y  by in c u b a t in g  1 .0  ml o f  a 2.0% w /v  
s u s p e n s io n  o f  th e  s u b s t r a t e  i n  c i t r a t e  b u f f e r  w ith  1 . 0  ml o f  
enzyme s o l u t i o n  f o r  2h at  40° and t e s t i n g  f o r  red u c in g  su gar  
p r o d u c t io n .  The u n i t  o f  a c t i v i t y  was th e  same as th a t  d e f in e d  
f o r  CMC-ase. The p r o g r e s s  o f  enzymic h y d r o ly s i s  o f  t h i s  s u b s t r a t e  
was s t u d ie d  by e s t im a t in g  r e d u c in g  sugar  l e v e l s  i n  sam ples  
w ithdraw n a t  s u i t a b l e  i n t e r v a l s  from in c u b a t io n  m ix tu r e s  c o n t ­
a in in g  8 . 0  ml o f  th e  c e l l u l o s e  s u sp e n s io n  made 0 .0 0 5  M w it h  
r e s p e c t  to  NaH^, 1 .0  ml o f  c i t r a t e  b u f f e r  pH 5 .0  and 1 . 0  ml 
o f  enzyme s o l u t i o n .  R e s id u a l  c e l l u l o s e  was removed by c e n t r i f u g ­
a t i o n  a t  4»000 rpm b e fo r e  o p t i c a l  d e n s i t i e s  were r e a d .  C o n tr o ls  
c o n s i s t e d  as p r e v i o u s ly  o f  enzyme and s u b s t r a t e  s o l u t i o n s  
in c u b a te d  s e p a r a t e l y .
( i i )  C e l l u l a s e  The s o l u b i l i z a t i o n  o f  n a t i v e  c o t t o n  f i b r e s  was 
examined i n i t i a l l y  by a s s a y in g  f o r  th e  l i b e r a t i o n  o f  r ed u c in g  
s u g a r s  i n  in c u b a t io n  m ix tu res  c o n ta in in g  100 mg o f  c o t t o n  f i b r e s ,
1 . 0  ml o f  c i t r a t e  b u f f e r  and 1 .0  ml o f  enzyme s o l u t i o n .  As 
p r e v i o u s l y ,  m ix tu r e s  were p r o t e c t e d  from co n ta m in a t io n  by th e  
a d d i t io n  o f  sodium a z id e  to  g i v e  a f i n a l  c o n c e n t r a t io n  o f  0 .0 0 5  M. 
Crude enzyme e x t r a c t s  such  as r e c o n s t i t u t e d  f r e e z e  d r ie d  f i l t r a t e s  
were c e n t r i f u g e d  a t  3 8 ,0 0 0  g f o r  30 min a t  0° t o  remove p a r t i c u l a t e  
m a tte r  b e fo r e  b e in g  added to  th e  in c u b a t io n  m ix tu res  w hich  were  
th e n  in c u b a te d  a t  40°  f o r  7 days i n  1 5 .0  ml ta p ered  g l a s s  
c e n t r i f u g e  t u b e s .  C o n tr o ls  a g a in  c o n s i s t e d  o f  s u b s t r a t e  and
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enzyme p r e p a r a t io n s  in cu b a ted  s e p a r a t e ly  under th e  sa^ie c o n d i t i o n s .  
At th e  end o f  t h i s  p e r io d  th e  r e s i d u a l  c e l l u l o s e  was sed im en ted  
by c e n t r i f u g a t i o n  a t  3 ,0 0 0  rpm and th e  su p e rn a ta n t  c a r e f u l l y  
removed by means o f  a P a s te u r  p i p e t t e .  Samples o b ta in e d  i n  t h i s  
manner were u s u a l l y  f r e e  from v i s i b l e  fragm en ts  o f  r e s i d u a l  
s u b s t r a t e ,  but as a sa feg u a rd  th e  sam ples were f i l t e r e d  b e fo r e  
a s s a y  by means o f  s i n t e r e d  g l a s s  (grade 3 )  f i l t e r  s t i c k s , The 
u n i t  o f  c e l l u l a s e  a c t i v i t y  v/as d e f in e d  as th a t  amount o f  enzyme 
l i b e r a t i n g  1 .0  ^ig o f  red u c in g  su g a r  under th e  c o n d i t io n s  o f  the  
a s s a y .  V/hen however no a c t i v i t y  co u ld  be measured by t h i s  m ethod,  
p o r t io n s  o f  th e  rem ain ing  sam ples  were a ssa y e d  f o r  t o t a l  s o lu b le  
ca rb o h y d ra te  c o n te n t  by th e  p h e n o l - s u lp h u r ic  a c id  method d e s c r ib e d  
by D ubois _et ^1 ( 1 9 5 6 ) .  As a f u r t h e r  ch eck  i n  some c a s e s  th e  
r e s i d u a l  c e l l u l o s e  was e s t im a te d  by o x id a t io n  w ith  d ich r o m a te -  
s u lp h u r ic  a c id  r e a g e n t  (S e lb y  & M a it la n d ,  1 9 6 7 ) .
The co u rse  o f  h y d r o ly s i s  o f  t h i s  and o th e r  f ib r o u s  non­
d i s p e r s e d  s u b s t r a t e s  co u ld  n o t  be fo l lo w e d  o v er  a p e r io d  o f  tim e  
by em ploying th e  sam pling  t e c h n iq u e s  u sed  p r e v i o u s ly  due to  th e  
in h o m o g en e ity  o f  th e  in c u b a t io n  m ix tu r e s .  C on seq u en tly  i n  su ch  
i n v e s t i g a t i o n s  i t  was n e c e s s a r y  t o  prep are  i d e n t i c a l  s e t s  o f  
in c u b a t io n  m ix tu res  and c o n t r o l s ,  and to  a s s a y  a com p lete  s e t  i n  
d u p l i c a t e  a t  r e g u l a r  i n t e r v a l s  o f  t im e .
( g )  Enzyme p u r i f i c a t i o n -  ( i )  Column chrom atography.
F r a c t io n a t io n s  o f  c u l t u r e  f i l t r a t e s  and s o l u b i l i z e d  c e l l  bound 
enzymes on Sephadex g e l s  were c a r r ie d  out a t  5° i n  Pharm acia  
chromatography columns K15/90 and K 25/100, the  g e l s  b e in g  e q u i l ­
ib r a t e d  and e l u t e d  w ith  0 .0 5  M c i t r a t e  b u f f e r  pH 5 .0  c o n t a in in g  
0 .0 0 5  M NaN^» The colum ns were f i t t e d  v /ith  c o n s ta n t  head d e v ic e s  
and th e  g e l  beds packed by a p p ly in g  h y d r o s t a t i c  p r e s s u r e  a c c o r d in g
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to  th e  m a n u fa c tu r e r 's  recom en dation s  f o r  each  grade o f  g e l .
A f t e r  th e  p a ssa g e  o f  two column vo lum es o f  b u f f e r  a t  t h i s  p r e s s u r e ,  
th e  v o id  volum es o f  th e  beds were determ ined  by e l u t i n g  a b lu e  
d e x tr a n  marker s o l u t i o n .
B e fo r e  f r a c t i o n a t i o n ,  enzyme e x t r a c t s  were lo a d ed  w ith  
s u c r o s e  to  a f i n a l  c o n c e n t r a t io n  o f  10.0% w /v ,  and th e  m ix tu r e s  
c e n t r i f u g e d  at  3 8 ,0 0 0  g f o r  30 min a t  0 ° .  The a d d i t io n  o f  s u c r o s e  
in c r e a s e d  th e  d e n s i t y  o f  th e  e x t r a c t s  s u f f i c i e n t l y  to  a l lo w  them 
t o  be a p p l ie d  to  the  g e l  bed b en ea th  th e  s u r fa c e  o f  th e  e lu a n t  
by means o f  a hypodermic s y r in g e  f i t t e d  w ith  f i n e  bore ( 0 .5  mm ID) 
f l e x i b l e  p o ly th e n e  tu b in g  (P o r t la n d  P l a s t i c s  L t d . ) ,  1 .0  ml 
sam ples  were a p p l ie d  to  th e  K15/90 column and 3 . 0  ml f r a c t i o n s  
c o l l e c t e d ;  3 . 0  ml sam ples  were a p p l ie d  to  th e  K25/100 column and
1 0 ,0  ml f r a c t i o n s  c o l l e c t e d  u s in g  i n  b oth  c a s e s  a syphon o p era ted  
f r a c t i o n  c o l l e c t o r  (C e n tr a l  I g n i t i o n  C o . ,  L ondon), L a te r  i n  
t h i s  i n v e s t i g a t i o n  the K25/100 column was f i t t e d  w ith  a flov /  
ad ap tor  and f r a c t i o n a t i o n s  perform ed by upward f lo w  e l u t i o n .  T his  
was found to  g iv e  a f i n e r  c o n t r o l  o f  f lo w  r a t e  and a llo w ed  enzyme 
a p p l i c a t i o n  to  be s i m p l i f i e d  by th e  u se  o f  a th r e e  way tap f i t t e d  
i n t o  th e  i n l e t  o f  th e  column. F r a c t io n s  were a ssa y ed  f o r  c e l l u l o -  
l y t i c  a c t i v i t y  as d e s c r ib e d  under ( f )  and s to r e d  a t  -2 0 °  u n t i l  
r e q u ir e d ,
( i i )  D isc  e l e c t r o p h o r e s i s .
D isc  e l e c t r o p h o r e s i s  was c a r r ie d  out a cco rd in g  to  the method o f  
O r n s te in  (1 9 6 4 )  and D av is  (1964)  u s in g  7.5% acry lam id e  sm a ll  pore  
g e l  pH 9 .5  p o ly m er ized  i n  p r e c i s i o n  bore ( 5 . 0  ram ID) g l a s s  tu b es  
85 mm i n  l e n g t h .  S a t i s f a c t o r y  r e s u l t s  were o n ly  o b ta in ed  however  
when c a r e f u l  a t t e n t i o n  v/as p a id  to  p rep a r in g  e x tre m e ly  c l e a n  
enzyme e x t r a c t s .  Crude e x t r a c t s  su ch  as c u l t u r e  f i l t r a t e s  were
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t h e r e f o r e  i n i t i a l l y  p u r i f i e d  and d e s a l t e d  on Sephadex G75 in  
a Q u ic k f i t  CR 3 2 /4 0  column w ith  d i s t i l l e d  w ater  a t  5° as e l u a n t .  
The d e s a l t e d  p r o t e i n  e lu t e d  i n  th e  v o id  volume was e s t im a te d  by 
th e  method o f  Lowry ^  ^  ( 1 9 5 1 ) ,  deep f r o z e n  a t  - 2 0 °  and f r e e z e  
d r ie d .  The r e s id u e  was r e c o n s t i t u t e d  w i th  s u f f i c i e n t  t r i s - g l y c i n e  
b u f f e r  (0 .0 1  M, pH 8 . 3 )  c o n ta in in g  0 .2 5  M su c r o se  to  g i v e  a 
f i n a l  c o n c e n t r a t io n  o f  2 50 -300  pg p r o t e in  i n  50-100  p i  o f  s o l ­
u t i o n .  T h is  c o n c e n tr a te d  e x t r a c t  was c e n t r i f u g e d  a t  3 8 ,0 0 0  g 
f o r  1h a t  0 ° ,  and 250 -3 0 0  p g  o f  p r o t e i n  a p p l ie d  to  each  g e l .
W ith  0 .01  M t r i s - g l y c i n e  b u f f e r  pH 8 .3  as th e  r e s e r v o i r  b u f f e r  
f o r  b o th  upper and lo w e r  e l e c t r o d e  com partm ents, a c o n s ta n t  
d i r e c t  c u r r e n t  o f  2 .5  mB p e r , t u b e  was a p p l ie d  by means o f  a 
VoKam SAE 2761 power pack . 1 .0  ml o f  0.002% bromophenol b lu e  
was added to  th e  upper e l e c t r o d e  b u f f e r  as a marker d y e ,  and 
e l e c t r o p h o r e s i s  c o n t in u e d  u n t i l  t h i s  dye marker band reach ed  the  
base  o f  th e  g e l s .  A f t e r  removal from the  tu b e s  the g e l s  were  
s t a in e d  to  e x h i b i t  a l l  p r o t e in  bands by im m ersion i n  0,3% 
n a p h th a le n e  b la c k  i n  7.0^^ a c e t i c  a c id  f o r  1h, fo l lo w e d  by 
d es t a i n i n g  to  remove unbound dye by r e p e a te d  w ash ings  o f  7.0% 
a c e t i c  a c id  o ver  a p e r io d  o f  about 2 d a y s .
S e v e r a l  methods f o r  l o c a t i n g  th e  p o s i t i o n  o f  s p e c i f i c  c e l l -  
u l o l y t i c  enzymes i n  the  g e l s  were a t tem p ted ,  ^ - g l u c o s i d a s e  was 
i n i t i a l l y  i d e n t i f i e d  by in c u b a t in g  i d e n t i c a l  u n s ta in e d  g e l s  in  
0 .0 0 5  M o - n i t r o p h e n y l  ^-D g lu c o p y r a n o s id e  i n  c i t r a t e  b u f f e r  pH
5 . 0  a t  40° f o r  about 30 min, f o l lo w e d  by im m ersion i n  M Na^CO^.
A v e r y  d i f f u s e  band o f  o -n i t r o p h e n o l  was observed  w hich  q u ic k ly  
spread  through  th e  g e l ,  making com parison w ith  n a p h th a le n e  b la c k  
s t a in e d  g e l s  d i f f i c u l t .  S a t i s f a c t o r y  r e s u l t s  were however  
o b ta in e d  when 6-bromo, 2 -n a p h th y l  ^-D g lu c o p y r a n o s id e  (BNG) was
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s u b s t i t u t e d  as a r t i f i c i a l  s u b s t r a t e  f o r  ^ - g l u c o s i d a s e . The 
p rod u ct  o f  c l e a v a g e ,  6-bromo 2 -n a p h th o l  i s  somewhat i n s o l u b l e  
and i s  s t r o n g ly  adsorbed by p r o t e in s  ca p a b le  o f  l i b e r a t i n g  t h i s  
chrom ogenic  p r o d u c t .  I t  i s  co u p led  i n  s i t u  w i th  t e t r a z o t i s e d  
o - d i a n i s i d i n e  to  g i v e ,  a cco r d in g  to  th e  BDH in fo r m a t io n  s h e e t ,  
an i n t e n s e  b lu e  c o lo u r  a t  s i t e s  o f  enzyme a c t i v i t y .  U sin g  the  
f o l l o w i n g  method i t  was i n  f a c t  found to  produce a red-brow n  
band i n  a c r y la m ide g e l s .  1 0 .0  mg o f  BNG were d i s s o lv e d  i n  5 0 .0  ml 
o f  c i t r a t e  b u f f e r  pH 5 .0  by v ig o r o u s  shaking  f o r  s e v e r a l  h o u rs .  
G e ls  v/ere immersed i n  1 0 .0  ml p o r t io n s  o f  t h i s  s o l u t i o n  a t  40° 
and about 5 mg o f  D iazo  Blue B s a l t  (K & K L a b o r a to r ie s  L td ,
New York) added. A f t e r  in c u b a t io n  f o r  15 min th e  g e l s  were washed  
w it h  d i s t i l l e d  w a te r  and ob served ;  d i f f u s i o n  o f  th e  bands was 
found t o  be v e r y  s l i g h t  even a f t e r  s e v e r a l  months s t o r a g e .
A ttem p ts  to  l o c a t e  th e  p o s i t i o n s  o f  o th e r  c e l l u l o l y t i o  
enzymes were made by p rep a r in g  1 , 0 ^  s o l u t i o n s  o f  CMC o r  I .C ^  
s u s p e n s io n s  o f  a c id  s w o l le n  c e l l u l o s e  i n  c i t r a t e  b u f f e r  pH 5 .0  
c o n t a in in g  1.5% Oxoid agar N o .3 .  A f t e r  h e a t in g  to  100° t o  d i s s o l v e  
th e  agar  th e  s u b s t r a t e s  were c o o le d  to  45° and 15 ml p o r t io n s  
added t o  s t e r i l e  p l a s t i c  p e t r i  d i s h e s .  A f r e s h l y  run acry lam id e  
g e l  was c a r e f u l l y  p la c e d  i n  th e  c e n t r e  o f  th e  p l a t e  and a llo w ed  
to  become embedded as th e  agar s o l i d i f i e d .  The p l a t e s  were th en  
in c u b a te d  a t  40° f o r  p e r io d s  o f  u p to  21 d a y s .  H y d r o ly s i s  o f  the  
a c id  s w o l l e n  c e l l u l o s e  was examined f o r  by n o t in g  any a r e a s  o f  
c l e a r i n g  a lon g  th e  l e n g t h  o f  th e  g e l s ;  zo n es  o f  CMC h y d r o ly s i s  
w ere made v i s i b l e  by f lo o d in g  th e  p l a t e s  c o n ta in in g  t h i s  s u b s t r a t e  
w it h  10.0% w /v  cop p er  a c e t a t e  s o l u t i o n ,  r en d er in g  undegraded CMC 
o p a l e s c e n t .
P r e p a r a t iv e  d i s c  e l e c t r o p h o r e s i s  s t u d i e s  were perform ed i n
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a column c o n s tr u c te d  from c l e a r  s e a m le s s  P er sp ex  tu b in g ,  th e  f i n a l  
d im en s io n s  o f  th e  column b e in g  120 mm x  13 mmODx 10mm ID ,  
A pp rox im ate ly  5mm from one end, two o p p o s i t e  P ersp ex  s i d e  arms 
(20  mm X 5 mm OD x  3 mm ID) were f i t t e d  to  th e  column and s e a le d  
i n  p o s i t i o n  by means o f  a s o l u t i o n  o f  P er sp ex  d i s s o l v e d  i n  
ch loroform * A 50 mm le n g t h  o f  10 mm d ia m eter  c e l l u l o s e  a c e t a t e  
d i a l y s i s  tu b in g  was a t ta c h e d  to  one s id e  arm and co n n e c te d  to  
a s i l i c o n  rubber f e e d  l i n e  from a Q u ic k f i t  6 chan n el p e r i s t a l t i c  
pump. The o th e r  s i d e  arm was f i t t e d  w ith  a N o ,0  serum hypodermic  
n e e d lo  by means o f  a sh o r t  s i l i c o n e  rubber c o n n e c to r ,  and th e  
n e e d le  co n n ec ted  t o  a s u i t a b l e  l e n g t h  o f  f l e x i b l e  p o ly th e n e  
c a p i l l a r y  tu b in g  1 . 0  mm ID.
The column v/as prepared  by i n s e r t i n g  the  broad end o f  a 
10 mm rubber bung i n t o  th e  lo w e r  end o f  th e  column u n t i l  th e  
s id e  arm o p en in g s  were j u s t  s e a l e d ,  5 ,0  ml o f  7,5% sm a ll  pore  
a cry lam id e  s o l u t i o n  were added and a llo w ed  to  p o ly m er ize  by 
o v e r la y e r in g  w ith  d i s t i l l e d  w a ter  from a f i n e  hypodermic s y r i n g e .  
The w a te r  was removed and th e  s u r fa c e  o f  th e  g e l  d r ie d  w i t h  a  
t i s s u e  b e fo r e  th e  a d d i t io n  and p o ly m e r iz a t io n  o f  1 ,0  ml o f  
s t a c k in g  g e l  s o l u t i o n .  The rubber bung was c a r e f u l l y  removed  
w ith  a t w i s t i n g  a c t i o n  so as  n o t  to  d i s lo d g e  th e  running g e l  
from th e  w a l l  o f  th e  column and th en  r e p la c e d  to  a l e v e l  j u s t  
below  th e  s id e  arm o p e n in g s ,  form ing  a sm a ll  e l u t i o n  chamber,
0 ,5 5  M c i t r a t e  b u f f e r  pH 5 .0  was pumped through  th e  d i a l y s i s  
tu b in g  and e l u t i o n  chamber u n t i l  a l l  a i r  b u b b les  had been  f lu s h e d  
from th e  sy s te m , and th e  column was clamped i n  a v e r t i c a l  p o s i t i o n  
w ith  i t s  lo w e r  end and d i a l y s i s  tu b in g  immersed i n  the  lo w e r  
e l e c t r o d e  (anode) b u f f e r  c o n ta in e d  i n  a sm a ll  p ersp ex  tr o u g h ,
A s i m i l a r  trough  was a t ta c h e d  to  th e  upper end o f  the column by
F i g u r e  2 6 .
P r e p a r a t iv e  D isc  E le c t r o p h o r e s i s  Column.
KEY.
a) Upper e l e c t r o d e  chamber.
b ) Carbon c a th o d e .
c )  0 .1  U T r i s - g l y c i n e  b u f f e r  pH 8 , 3 .
d) Rubber bung,
e )  Large pore s t a c k in g  g e l .
f )  Sm all pore running g e l .
C i t r a t e  b u f f e r  d e l i v e r y  from p e r i s t a l t i c  pump. 
S e c t io n  o f  c e l l u l o s e  a c e t a t e  d i a l y s i s  tu b in g .  
E lu t io n  chamber,
j ) 0 ,5 5  M c i t r a t e  b u f f e r  pH 5 , 0 .  
k) Carbon anode,
1 )  D e l iv e r y  to  f r a c t i o n  c o l l e c t o r .

4 9 .
means o f  a rubber grommet, and 0*5 ml o f  enzyme e x t r a c t  c o n t ­
a in in g  up to  4 .0  mg p r o t e in  /  ml a p p l ie d  to  th e  g e l .  The upper  
e l e c t r o d e  r e s e r v o i r  was f i l l e d  w i t h  0 .1  M t r i s - g l y c i n e  b u f f e r  
pH 8 , 3 1 and the  lo w e r  w i th  0 ,5 5  M c i t r a t e  b u f f e r  pH 5 . 0 .  Carbon 
e l e c t r o d e s  c o n n ec ted  to  a VoKam power pack were immersed i n  th e  
b u f f e r s  and a c o n s ta n t  d i r e c t  c u r r e n t  o f  10 mB a t  2 5 0 -3 0 0  v o l t s  
was a p p l ie d .  The e l u t i o n  chamber was f lu s h e d  a t  the  r a t e  o f  8 . 0  
m l/h  and 3 . 0  ml f r a c t i o n s  c o l l e c t e d  by means o f  a syphon o p era ted  
f r a c t i o n  c o l l e c t o r .  The apparatus was prep ared  and run o v e r n ig h t  
i n  a c o ld  room a t  5 ° ,  ( f i g  2 6 ) .
( i i i )  Ion  exchange chrom atography.
DEAE-Sephadex (A -25) was e q u i l i b r a t e d  i n  0 .1  M a c e t a t e  b u f f e r  
pH 8 . 0  and e lu t e d  w i t h  a l i n e a r  d e c r e a s in g  pH g r a d ie n t  w i t h  
a c e t a t e  b u f f e r .  SE-Sephadex (C -25)  was e q u i l i b r a t e d  i n  0 .1  lA 
a c e t a t e  b u f f e r  pH 4 . 0  and e lu t e d  w i th  a l i n e a r  in c r e a s i n g  pH 
g r a d ie n t  w i th  a c e t a t e  b u f f e r .  F r a c t io n a t io n s  i n  b oth  c a s e s  were  
c a r r ie d  out a t  room tem perature i n  Q u ic k f i t  CR 3 2 /4 0  co lum n s,  
c o l l e c t i n g  1 ,5  ml f r a c t i o n s  by means o f  a drop co u n te r  o p era ted  
f r a c t i o n  c o l l e c t o r .  B ecause th e  f r a c t i o n a t i o n s  were perform ed a t  
room tem perature  how ever, th e  f r a c t i o n s  were im m ed ia te ly  removed 
from th e  c o l l e c t o r  and deep f r o z e n  u n t i l  r e q u ir e d  f o r  a s s a y ,
( i v )  S e l e c t i v e  therm al d é n a tu r a t io n ,
1 , 0  ml p o r t io n s  o f  f r e e z e  d r ie d  c u l t u r e  f i l t r a t e s  r e c o n s t i t u t e d  
i n  c i t r a t e  b u f f e r  pH 5 . 0  were h e a te d  a t  6 0 ° ,  7 0 ° ,  8 0 ° ,  90°  and 
100° f o r  1 min i n  c o n s t a n t  tem p erature  w a ter  b a th s  b e fo r e  th e  
a d d i t io n  o f  s u b s t r a t e s .  The m ix tu r e s  were th en  in cu b a ted  a t  40°  
and a ssa y e d  by the  s tan d ard  methods d e s c r ib e d  e a r l i e r .  The 
experim ent was th en  m o d if ie d  so th a t  enzyme p r e p a r a t io n s  were 
m ain ta in ed  a t  60° f o r  1 ,  2 ,  3» 4 and 5 min i n t e r v a l s  b e fo r e
5 0 .
in c u b a t io n  w ith  th e  s u b s t r a t e s .  C o n tr o ls  i n  b o th  c a s e s  were  
prepared  by s i m i l a r l y  t r e a t i n g  enzyme s o l u t i o n s  p r e v i o u s ly  
den atu red  by h e a t in g  a t  100° f o r  15 min,
(h )  pH p r o f i l e s
The e f f e c t  o f  pH on enzyme a c t i v i t y  was determ ined  by c a r r y in g  
out s ta n d a rd  a s s a y s  a t  40° i n  Mcllviane ( c i t r a t e - p h o s p h a t e )  
b u f f e r  pH 3*0 -  9 . 0 ,  u s in g  sam ples  o f  i s o l a t e d  enzymes o b ta in e d  
by column chrom atography,
( i )  Temperature p r o f i l e s
Enzyme a c t i v i t i e s  a t  v a r io u s  tem p era tu res  were assayed  i n  th e  
s ta n d a rd  manner i n  c i t r a t e  b u f f e r  pH 5 , 0  by in c u b a t in g  s o l u t i o n s  
o f  i s o l a t e d  enzymes and t h e i r  s u b s t r a t e s  i n  t h e r m o s t a t i c a l l y  
c o n t r o l l e d  w a ter  b a th s  ran g in g  betw een  5° and 7 5 ° ,
( j ) S - f a c t o r  d é te r m in a t io n s
2 . 0  ml sam ples  o f  i s o l a t e d  enzymic components i n  c i t r a t e  b u f f e r  
pH 5 ,0  were in c u b a te d  a t  40° f o r  12h w ith  20 mg o f  n a t i v e  c o t t o n  
f i b r e s .  At th e  end o f  t h i s  p e r io d  th e  f i b r e s  were removed from  
th e  in c u b a t io n  m ix t u r e s ,  p la c e d  on f i l t e r  p ap ers  t o  absorb  e x c e s s  
m o is tu r e  and immersed i n  18% NaOH f o r  1h, A f t e r  c e n t r i f u g a t i o n
a t  3*500 rpm f o r  1 min i n  a p e r f o r a t e d  c e n t r i f u g e  cup th e  f i b r e s  
were r e w e ig h e d .  C o n tr o ls  c o n s i s t e d  o f  f i b r e s  in c u b a te d  i n  c i t r a t e  
b u f f e r  pH 5 . 0 ,
(k )  T e n s i l e  s t r e n g t h  d e te r m in a t io n s
1 . 0  g sam ples  o f  u n m ercer ized  c o t t o n  th read  were immersed i n  2 0 ,0  
ml p o r t io n s  o f  i s o l a t e d  enzymic components and in c u b a te d  a t  40°  
f o r  12h, The th r e a d s  were v/ashed once w i th  d i s t i l l e d  w a te r  and 
th e  wet b rea k in g  p o i n t s  determ ined  by means o f  a H o u n s f ie ld  
te n s o m e te r .  The a verage  o f  f i v e  d e te r m in a t io n s  f o r  each  trea tm en t  
7 /a s  n o t e d ,  c o n t r o l s  c o n s i s t i n g  a s  p r e v i o u s ly  o f  th r e a d s  in c u b a te d
5 1 .
i n  c i t r a t e  b u f f e r  pH 5 .0 *
( 1 )  M o lecu la r  w e ig h t  e s t im a t io n s
3 . 0  ml sam ples  o f  5 . 0  mg/ml s o l u t i o n s  o f  c a t a l a s e  (MvVt 2 2 5 ,0 0 0 ) ,  
b o v in e  serum albumin ( 7 0 ,0 0 0 ) ,  ovalbum in ( 4 5 ,0 0 0 ) ,  p e p s in  
( 3 5 ,5 0 0 )  and ly sozym e ( 1 4 ,7 0 0 )  were a p p l ie d  t o  th e  same column  
o f  Sephadex 0200 u sed  f o r  enzyme f r a c t i o n a t i o n s  and e l u t e d  w ith  
c i t r a t e  b u f f e r ,  c o l l e c t i n g  1 0 ,0  ml f r a c t i o n s .  The sam ples  were  
l o c a t e d  by m easuring th e  absorbance o f  th e  f r a c t i o n s  a t  280 nm 
i n  a  Unicam SP 500 s p e c tr o p h o to m e te r  a g a in s t  a c i t r a t e  b u f f e r  
b lan k  and t h e i r  e l u t i o n  volum es (Ve) n o te d .  The v o id  volume o f  
th e  bed (Vo) was deteim iined by e l u t i n g  a 3 . 0  ml sample o f  0,1% 
b lu e  d e x tr a n  s o l u t i o n ,  and a graph o f  Ve/Vo a g a in s t  l o g  t  
p l o t t e d  (W hitaker, 1 9 6 3 ) .
(m) Enzyme- sub s t  r a t  e a f f i n i  t i e s
A f f i n i t i e s  o f  i s o l a t e d  components o f  th e  c e l l u l o s e  sy s te m  f o r  
v a r io u s  c e l l u l o s i c  s u b s t r a t e s  were a s c e r t a in e d  by c a r r y in g  out  
s ta n d a rd  a s s a y s  u s in g  s u b s t r a t e  s o l u t i o n s  o r  s u sp e n s io n s  o f  
v a r y in g  c o n c e n t r a t i o n .
(n )  I d e n t i f i c a t i o n  o f  p ro d u cts  o f  enzyme a t t a c k
( i )  P aper  chrom atography.
2 . 0  ml sam ples  o f  in c u b a t io n  m ix tu r e s  were d e s a l t e d  i n  an e l e c t r o ­
l y t i c  d e s a l t e r ,  f r e e z e  d r ie d  and r e c o n s t i t u t e d  w ith  0 ,2  ml o f  
d i s t i l l e d  w a ter  to  g i v e  a t e n - f o l d  c o n c e n t r a t i o n .  2 0 .0  ;ul sam ples  
v/ero a p p l ie d  to  V/hat man No.1 chromatography paper and d ev e lo p e d  
i n  i s o - p r o p a n o l /w a t e r  ( 4 : 1 ) .  Sugars were l o c a t e d  by d ip p in g  th e  
papers i n  a n i l i n e  r e a g e n t  ( 1 ,3  ml a n i l i n e  i n  5 0 .0  ml a c e to n e ;
0 .6  ml û'P ho sp h e r ic  a c id  i n  2 0 ,0  ml a c e t i c  a c id  p lu s  3 0 ,0  ml 
a c e t o n e ,  s o l u t i o n s  prep ared  s e p a r a t e l y  and mixed as r e q u ir e d )  
and h e a t in g  a t  100° f o r  5 min (S m ith ,  I 9 6 0 ) .  P e n t o s e s  produce
52 .
red-brow n s p o t s ,  o t h e r  red u c in g  s u g a r s  ye l low -b row n  s p o t s  on a 
y e l lo w  background; chromatograms d ipp ed  i n  t h i s  r e a g e n t  were  
found to  be q u i t e  s t a b l e  and d id  n o t  f a d e .
( i i )  Column chromatography
High m o le c u la r  w e ig h t  p ro d u cts  o f  enzymic h y d r o ly s i s  o f  c e l l u l o s e  
and carboxym etliy l c e l l u l o s e  were i d e n t i f i e d  on the  b a s i s  o f  
m o le c u la r  s i z e  by a p p ly in g  1 . 0  ml sam ples o f  in c u b a t io n  m ix tu r e s  
t o  Q u ic k f i t  CR 3 2 /4 0  columns packed w it h  e i t h e r  Sephadex 015  
( f r a c t i o n a t i o n  range up to  1 ,5 0 0 )  o r  025 ( f r a c t i o n a t i o n  range  
1 0 0 - 5 ,0 0 0 )  and e l u t i n g  w ith  d i s t i l l e d  w a te r .  0 .5  ml f r a c t i o n s  
were c o l l e c t e d  u s in g  a drop c o u n te r  f r a c t i o n  c o l l e c t o r  and a ssa y ed  
f o r  t o t a l  carb oh yd rate  by the  p h e n o l - s u lp h u r ic  a c id  method (Dubois  
e t  a]., 1 9 5 6 ) .
(o )  X -ray  crystaH-Ogrgphy s t u d i e s
D eb y e -S c h e r r e r  powder p a t t e r n s  o f  sam ples  o f  c e l l u l o s e  were o b ta in e d  
u s in g  a Unicam s i n g l e  c r y s t a l  camera (30  mm r a d iu s )  v /ith  a cop p er  
t a r g e t  and n i c k e l  f i l t e r ,  g i v i n g  a Cu Kodine o f  1 .5 4 1 8  2 . The 
sam ples  were packed i n t o  0 .5  mm bore low a b s o r p t io n  g l a s s  Lindemann 
tu b e s  (Pye Unicam, Cambridge) and r o t a t e d  a t  1 rpm d uring  exposure  
f o r  5h.
( p ) R e f r a c t iv e  in d ex  s t u d i e s  o f  c e l l u l o s e  by m icroscopy  
Comparison o f  the  r e f r a c t i v e  i n d i c e s  o f  n a t i v e  c o t t o n  and th e  
r e s i d u a l  s h o r t  f i b r e s  l i b e r a t e d  from t h i s  s u b s t r a t e  by th e  a c t io n  
o f  C. acremonium was made by a m o d i f i c a t i o n  o f  th e  im m ersion method 
d e s c r ib e d  by R o l l i n s  & Tripp ( 1 9 6 3 ) .  Samples o f  each  ty p e  o f  f i b r e  
were p la c e d  about 10 mm apart on c l e a n  g l a s s  m icroscope s l i d e s  
and h e ld  i n  p la c e  by 30 mm c o v e r  s l i p s .  A range o f  l i q u i d s  w ith  
r e f r a c t i v e  i n d i c e s  v a r y in g  betw een  1 .5 4 0  and 1 .5 7 0  i n  in cr em en ts  
o f  ap p ro x im a te ly  0 ,0 0 2  u n i t  was p repared  by m ixing v a r y in g  amounts
53.
o f  b e n z y l  a lc o h o l  and b e n z y l  b e n z o a t e ,  and th e  f i b r e s  inunersed  
i n  t h e s e  s o l u t i o n s  by a p p ly in g  a p p ro x im a te ly  0*1 ml o f  th e  l i q u i d  
to  th e  edge o f  th e  c o v e r  s l i p s .  Each s l i d e  v/as th en  examined by 
means o f  a b in o c u la r  m ic r o sc o p e ,  f o c u s in g  on th e  f i b r e s  u n t i l  
th e  b r ig h t  Becke l i n e  (produced a t  th e  i n t e r f a c e  o f  a s o l i d  
immersed i n  a l i q u i d  o f  d i f f e r e n t  r e f r a c t i v e  in d e x )  was v i s i b l e .  
The d i r e c t i o n  o f  movement o f  th e  l i n e  when th e  fo c u s  o f  th e  m icro ­
scop e  was r a i s e d  was n oted  i n  th e  f i r s t  25 f i b r e s  ob served  i n  
each  sa m p le ,  and th e  r e f r a c t i v e  in d e x  o f  each  s o l u t i o n  a c c u r a t e ly  
measured by an Abbe r e f r a c to m e te r  i l lu m in a t e d  w ith  a sodium D 
l i n e  (5896  2 )  a t  2 1 ° .
54.
RESULTS
(a )  S e l e c t i o n  o f  organism
On th e  b a s i s  o f  th e  p r e l im in a r y  agar  p l a t e  s c r e e n in g  ( t a b l e  1 ) ,  
an a c t i v e l y  c e l l u l o l y t i c  c u l t u r e  o f  Cephalosporlum  acremonium  
Corda (C l23) was s e l e c t e d  f o r  f u r t h e r  d e t a i l e d  s tu d y .  T h is  
organism  was o r i g i n a l l y  i s o l a t e d  from mouldy h a y ,  and has been  
d e p o s i t e d  i n  th e  Commonwealth M y c o lo g ie s !  I n s t i t u t e  c o l l e c t i o n  
o f  fungus c u l t u r e s  by Dr. Lacey o f  Rothamsted . as  CMI 9 6 ,2 0 1 .
(b )  Growth c u r v e s  and enzyme s y n t h e s i s  i n  l i q u i d  c u l t u r e  ( F i g . 1 ) 
Shake f l a s k  c u l t u r e  s t u d i e s  o f  C. acremonium dem onstrated  th a t
a wide v a r i e t y  o f  c e l l u l o s i c  s u b s t r a t e s  ran g in g  i n  c o m p le x i ty  
from g lu c o s e  to  n a t i v e  c o t t o n  f i b r e s  su pp orted  the  grow th  o f  
t h i s  organ ism . A l l  t h e s e  s u b s t r a t e s  i n v e s t i g a t e d  were found to  
be ca p a b le  o f  in d u c in g  the s y n t h e s i s  o f  c e l l - f r e e  enzymes a c t i v e  
a g a in s t  c e l l o b i o s e  ( ^ - g l u c o s i d a s e ) ,  carboxym ethyl c e l l u l o s e  
(CMC-ase), a c id  s w o l l e n  c e l l u l o s e  ( C x - c e l l u l a s e )  and n a t i v e  
c o t t o n  ( c e l l u l a s e ) ,  V/ith g lu c o s e  grown c e l l s  how ever, th e  
l i b e r a t i o n  o f  s i g n i f i c a n t  q u a n t i t i e s  o f  t h e s e  enzymes o n ly  
became apparent d u r in g  th e  s t a t i o n a r y  and s e n e s c e n t  p h a se s  o f  
grow th , a phenomenon a l s o  n o ted  v /i th  th e  CMC-ase and C x - c e l l u l a s e  
o f  c e l l o b i o s e  grown c e l l s .  A lth ough  a s i m i l a r  in c r e a s e  i n  th e  
t i t r e  o f  p - g l u c o s i d a s e  was n o ted  a t  the o n s e t  o f  th e  s t a t i o n a r y  
phase o f  c e l l o b i o s e  grov/n c e l l s ,  th e  in d u c t io n  o f  J B -g lu co s id a se  
by t h i s  s u b s t r a t e  was pronounced at  an e a r l y  s t a g e  o f  grov/th .  
Growth on CMC was s p a r s e ,  w ith  o n ly  a s l i g h t  i n i t i a l  in c r e a s e  
i n  c e l l  m a te r ia l  b e in g  measured; s y n t h e s i s  o f  Cx enzymes a lth o u g h  
l i m i t e d  was d e t e c t a b l e  e a r ly  i n  th e  grow th  c u r v e .  The p r o d u c t io n  
o f  c e l l u l a s e  w hich  c o u ld  n o t  be d e t e c t e d  i n  normal f i l t r a t e s
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p rep ared  from CMC c u l t u r e s  was confirm ed  by a s s a y in g  f i l t r a t e s  
c o n c e n tr a te d  t e n - f o l d  by f r e e z e  d r y in g .  Assuming no l o s s  o f  
a c t i v i t y  during th e  p r e p a r a t io n  o f  t h e s e  c o n c e n tr a te d  e x t r a c t s ,  
th e  a s s a y  r e s u l t s  i n d ic a t e d  c e l l u l a s e  to  be p r e s e n t  i n  th e  
o r i g i n a l  f i l t r a t e s  a t  l e v e l s  v a r y in g  betw een  0 ,5  u n i t s / m l  a f t e r  
3 days in c u b a t io n  to  2 , 0  u /m l a f t e r  6 d a y s .  Growth o f  C.acremonium  
on th e  a c id  s w o l le n  c e l l u l o s e  s u b s t r a t e  was accompanied by a 
s t e a d y  in c r e a s e  i n  th e  t i t r e  o f  Cx enzymes o v er  the  f i r s t  5 days ; 
c e l l u l a s e  a c t i v i t y  was n o t  d e t e c t e d  u n t i l  a f t e r  5 days grow th .  
A lth ou gh  no a ttem pt was made to  e s t a b l i s h  a grow th curve  f o r  th e  
organ ism  on t h i s  s u b s t r a t e  due to  th e  p re se n c e  o f  v a r y in g  amounts  
o f  r e s i d u a l  c e l l u l o s e ,  grow th  v/as w e l l  supported  and m ic r o s c o p ic a l  
e x a m in a t io n s  o f  th e  c u l t u r e s  r e v e a le d  a lm ost co m p le te  s o l u b i l i z ­
a t i o n  o f  th e  s u b s t r a t e  a f t e r  6 -7  days in c u b a t io n .  In  v iew  o f  th e  
s h o r t  in c u b a t io n  p e r io d  re q u ir e d  f o r  th e  s y n t h e s i s  o f  h ig h  y i e l d s  
o f  Cx enzym es, a c id  s w o l le n  c e l l u l o s e  was u sed  r o u t i n e l y  f o r  th e  
p r o d u c t io n  o f  th e s e  com ponents.
E xam in ation s  o f  enzyme p r o d u c t io n  i n  c u l t u r e s  grown on 
n a t i v e  c o t t o n  b o l l  f i b r e s  and c o t t o n  wool o v er  p e r io d s  e x te n d in g  
t o  20 days r e v e a le d  a lm ost i d e n t i c a l  s y n t h e s i s  p a t t e r n s .  A f t e r  
r a p id  i n i t i a l  p r o d u c t io n  o f  Cx a c t i v i t i e s ,  t i t r e s  o f  t h e s e  enzymes  
in c r e a s e d  s t e a d i l y  f o r  a f u r t h e r  12-13  d a y s ,  c e l l u l a s e  a c t i v i t y  
becoming d e t e c t a b l e  a f t e r  4 -5  days in c u b a t io n ,  A s l i g h t  in c r e a s e  
i n  th e  r a t e  o f  enzyme l i b e r a t i o n  a f t e r  about 14 days was f o l lo w e d  
by a p e r io d  i n  w hich th e  r a t e  o f  p r o d u c t io n  o f  a l l  enzymes 
d e c r e a se d  and i n  w hich  th e r e  appeared to  be some d e s t r u c t i o n  o f  
th e  C x - c e l l u l a s e ,  C on seq u en tly  du ring  r o u t in e  enzyme p r o d u c t io n  
c u l t u r e s  v/ere h a r v e s te d  a f t e r  15 -16  days in c u b a t io n .  I t  v/as a l s o  
n o te d  th a t  th e  p h a se s  d e s c r ib e d  above c o in c id e d  c l o s e l y  w i t h
Figure 1 .
Growth c u r v e s  and enzyme s y n t h e s i s .
a)  G lu cose  grown c e l l s .
A -  Dry w e ig h t  
© -  p - g l u c o s i d a s e  
f~l — CMC-ase 
H -  C x - c e l l u l a s e  
O -  C e l l u l a s e
b )  C e l l o b i o se  grown c e l l s .
A -  Dry w e ig h t  
® -  ^ - g l u c o s i d a s e  
O- CMC-ase 
a -  C x - c e l l u l a s e  
O -  C e l l u l a s e
3 0 0
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Fig;ure 1 ( c o n t ) .
c )  CMC grown c e l l s .
A -  Dry w e ig h t  
^ - g l u c o s i d a s e  
□  -  CMC-ase 
a -  C x - c e l l u l a s e  
O -  C e l l u l a s e
d )  C e l l s  grown on a c id  s w o l le n  b a l l - m i l l e d  c e l l u l o s e ,
0 -  ^ - g l u c o s i d a s e  
□ -  CMC-ase 
■ -  C x - c e l l u l a s e  
O -  C e l l u l a s e  •
3 0 0
200
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F ig u r e  1 ( c o n t ) .
e )  C e l l s  grown on d r ie d  c o t t o n  b o l l  f i b r e s .
© -  ^ - g l u c o s i d a s e  
D*" CMC—as 6 
0 -  C x - c e l l u l a s e  
O -  C e l l u l a s e
f )  C e l l s  grown on n o n -a b so rb en t  c o t t o n  w o o l ,
® -  jB -g lu c o s id a s e  
□  -  CMC-ase 
B -  C x - c e l l u l a s e  
O -  C e l l u l a s e
3 0 0
200 











m acroscop ic  changes o c c u r in g  i n  th e  c u l t u r e s .  A f t e r  in c u b a t io n  
f o r  24h th e  t u r b i d i t y  o f  th e  f r e e  l i q u i d  i n  th e  c u l t u r e s  was 
found to  have d e cre a se d  c o n s id e r a b ly ,  and m ic r o s c o p ic a l  exam­
i n a t i o n s  r e v e a le d  th a t  most o f  th e  c e l l s  in tr o d u c e d  i n  th e  
in ocu lu m  had accum ulated w i t h in  the  f ib r o u s  m atr ix  o f  th e  
c e l l u l o s e  s u b s t r a t e .  Growth o f  th e  organism  durin g  th e  n e x t  
5 -6  d%r8 was c o n f in e d  to  t h i s  m a tr ix ,  a sse sm en t o f  grow th  b e in g  
c o n s id e r a b ly  a s s i s t e d  by th e  developm ent o f  c e l l  p ig m e n ta t io n ,  
F ragm en ta tion  o f  th e  s u b s t r a t e  during t h i s  p e r io d  was e i t h e r  
a b se n t  o r  v e r y  l i m i t e d  i n  e x t e n t  ( p la t e  2 ( 2 ) ) .  The secon d  week 
o f  in c u b a t io n  was however c h a r a c t e r iz e d  by a ra p id  p r o c e s s  o f  
f i b r e  f r a g m e n ta t io n  w ith  th e  l i b e r a t i o n  o f  numerous s h o r t  f i b r e s  
r a n g in g  i n  s i z e  from 20 ;n x TO ;u to  1000 ;u x 14 ju, ( p l a t e s  2 ( 3 ) ,
2 ( 4 ) ,  3» 4» 5 ) .  A lthough  an in c r e a s e  i n  enzyme t i t r e s  was 
measured a t  about th e  tim e o f  c o m p le t io n  o f  t h i s  f r a g m e n ta t io n  
p r o c e s s ,  no f u r t h e r  s o l u b i l i z a t i o n  o f  th e  s h o r t  f i b r e s  was 
o b serv ed  d e s p i t e  ex ten d ed  in c u b a t io n  o f  some c u l t u r e s  f o r  p e r io d s  
up to  6 w eek s .  T h is  o b s e r v a t io n  was i n v e s t i g a t e d  f u r t h e r  by 
o b t a in in g  p u r i f i e d  sam ples o f  th e  f i b r e s  on grade 1 p o r o s i t y  
g l a s s  s i n t e r s .  Under t h e s e  c o n d i t io n s  th e  b u lk  o f  th e  c e l l s  p a sse d  
th rou gh  th e  s i n t e r  l e a v in g  a r e s id u e  c o n s i s t i n g  p red om in an tly  
o f  th e  s h o r t  c e l l u l o s e  f i b r e s .  A f t e r  th orou gh  w ashing w i t h  
d i s t i l l e d  w a ter  th e  f i b r e s  were f r e e z e  d r ie d  and r e in c o r p o r a te d  
as  carb on  sou rce  i n t o  f r e s h  S k in n e r 's  medium w hich  was s u b s e q u e n t ly  
i n o c u l a t e d  and in c u b a te d  as p r e v i o u s ly  d e s c r ib e d .  Growth o f  th e  
organ ism  was s p a r s e ,  and no f u r t h e r  s o l u b i l i z a t i o n  o f  th e  sh o r t  
f i b r e s  v/as ob served  o v er  a p e r io d  o f  6 w eek s .  The f i b r e s  were 
however c o m p le te ly  h y d r o ly se d  w i t h in  10 days when in c o r p o r a te d  
as carbon  so u rce  i n t o  S e lb y  & M a it la n d 's  ( 1967)  medium and
P la te  1 ,
S m all s c a l e  d i s c  e l e c t r o p h o r e s i s  g e l s . 
L e f t ,  g e n e r a l  p r o t e i n  s t a i n ;
R ig h t ,  l o c a t i o n  o f  JB -g lu cos id ase  hand.
P l a t e  2 ,
S t a g e s  o f  nirowth o f  C.acremonium on n a t i v e  c o t t o n  f i b r e s
1 ) U n in o c u la te d  c o n t r o l .
2 )  6 day c u l t u r e .
3 )  12 day c u l t u r e .
4 )  18 day c u l t u r e .
ii
P la te  3*
Undey^jraded n a t iv e  c o tto n  f i b r e s .
10

P l a t e  A *
P a r t i a l l y  degraded c o t t o n  f i b r e  from 12 day c u l t u r e .
10 ) i

P l a t e  5 .
R e s id u a l  s h o r t  c o t t o n  f i b r e  from 18 day c u l t u r e .
10 p.
57 .
in o c u la t e d  w ith  th e  sajne c u l t u r e  o f  Trichoderrna v i r i d e  (CMI 9 2 ,  
027) i n v e s t i g a t e d  by t h e s e  w o r k e r s .  A lth ou gh  t h i s  medium was 
found to  support s l i g h t l y  b e t t e r  grow th o f  C.acremonium th an  
S k in n e r ’ s medium, t h i s  was b e l i e v e d  to  be due to  th e  i n c l u s i o n  
o f  m a l t ,  y e a s t  e x t r a c t  and d i s t i l l e r s  s o l u b l e s  i n  th e  fo rm er .  
C u ltu r e s  o f  C. acremonlum however remained in c a p a b le  o f  s o l u b i l ­
i z i n g  r e s i d u a l  s h o r t  f i b r e s  i n  S e lb y  8c M a i t la n d ’ s medium.
Q u a n t i t a t iv e  measurements i n d ic a t e d  d r ie d  c o t t o n  b o l l  f i b r e s  
and c o t t o n  wool t o  be e q u a l ly  s u s c e p t i b l e  t o  enzymic h y d r o l y s i s ,  
th e  r e s i d u a l  f i b r e s  o b ta in ed  from c u l t u r e s  c o n t a in in g  t h e s e  
s u b s t r a t e s  c o m p r is in g  r e s p e c t i v e l y  52% and 49% w/w o f  th e  o r i g i n a l  
f ib r o u s  m a t e r i a l .  These v a lu e s  may however be h ig h  due to  s l i g h t  
c o n ta m in a t io n  w i t h  fu n g u s ,
( c )  S o l u b i l i z a t i o n  o f  c e l l  bound enzymes ( t a b l e  2 ) .
As p r e l im in a r y  ex a m in a t io n s  had r e v e a le d  t h a t  c e l l  fragm en ts  
o f  C. acrcmonium p o s s e s s e d  a p p r e c ia b le  Cx enzyme a c t i v i t i e s ,  
more d e t a i l e d  e s t im a t io n s  showed th a t  1g o f  f r e e z e  d r ie d  
m a t e r ia l  c o n ta in e d  a p p ro x im a te ly  1 2 ,0 0 0  u n i t s  o f  ^ - g l u c o s i d a s e , 
15*000 u n i t s  o f  CMC-ase and 9*000 u n i t s  o f  Cx c e l l u l a s e .
A lth ou gh  c e l l u l a s e  a c t i v i t y  v/as ab sen t from th e  i n s o l u b l e  c e l l  
fr a g m e n ts ,  s l i g h t  a c t i v i t y  was d e t e c t e d  i n  th e  su p e rn a ta n t  
f r a c t i o n s  o f  two s o l u b i l i z a t i o n  t r e a t m e n t s ,  Cx enzymes were found  
to  be f a i r l y  e a s i l y  removed from th e  c e l l  fragm en ts  by a v a r i e t y  
o f  tr e a tm e n ts  w i th  th e  e x c e p t io n  o f  8M u r e a  w hich n o t  s u r p r i s i n g l y  
produced com p lete  d é n a t u r a t io n .  In  a l l  o t h e r  t r e a tm e n ts  w ith  th e  
e x c e p t io n  o f  B - g lu c o s id a s e  s o l u b i l i z e d  by c a lc iu m  c h l o r i d e ,  th e  
t o t a l  a c t i v i t y  o f  each  enzyme measured a f t e r  trea tm en t  was found  
to  be g r e a t e r  than th a t  measured o r i g i n a l l y ,  i n d i c a t i n g  h ig h e r  
a c t i v i t y  i n  s o l u t i o n  than when c e l l - b o u n d .  The c a l c u l a t e d  t o t a l
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p e r c e n ta g e  ch an ges  i n  a c t i v i t y  f o l l o w i n g  trea tm en t  ta k e  i n t o  
accou nt n o t  o n ly  i n c r e a s e s  i n  a c t i v i t y  due to  s o l u b i l i z a t i o n  
but a l s o  any s im u lta n e o u s  l o s s  o f  a c t i v i t y  due to  enzyme 
d é n a tu r a t io n ,  th e  l a t t e r  b e in g  a p p a r e n t ly  more pronounced th an  
th e  form er i n  th e  c a s e  o f  ^ - g l u c o s i d a s e  t r e a t e d  w i t h  ca lc iu m  
c h l o r i d e .  As c e l l s  w ith  no p r io r  s o l u b i l i z a t i o n  trea tm en t  were  
assa y e d  i n  c i t r a t e  b u f f e r ,  i t  i s  i n t e r e s t i n g  t o  n o te  th a t  an 
in c r e a s e  i n  a c t i v i t i e s  was ob served  i n  c e l l s  w hich  had been  
p r e v i o u s ly  exp osed  t o  t h i s  b u f f e r  b e fo r e  a s s a y ,  and a l s o  i n  c e l l s  
p r e v i o u s ly  exp osed  to  w a t e r .  W ith h in d s i g h t ,  t h i s  i n c r e a s e  i s  
a p p a ren t ly  a f u n c t io n  o f  th e  double  e l u t i o n  by w a te r  or  b u f f e r  
a s  opposed to  a s i n g l e  o p p o r tu n ity  f o r  e l u t i o n  when c e l l  
fragm en ts  are  a ssa y e d  d i r e c t .  I t  i s  a l s o  to  be e x p e c te d  th a t  
th e  e l u t i o n  e f f e c t  v/hich o c c u r s  i n  th e  a s sa y  sy ste m  may more 
e f f e c t i v e l y  remove enzyme from th e  c e l l  s u r fa c e  i n  th e  p r e s e n c e  
o f  s u b s t r a t e  to  w hich  th e  enzyme c o u ld  be bound, th u s  d i s t u r b in g  
th e  e q u i l ib r iu m  o f  th e  s y s te m .
These r e s u l t s  in d i c a t e d  ^ - g l u c o s i d a s e  to  be l e a s t  a f f e c t e d  
by s o l u b i l i z a t i o n ,  f o l lo w e d  i n  ord er  o f  in c r e a s e d  a c t i v i t y  by 
CMC-ase and C x - c e l l u l a s e . T h is  o rd er  was however r e v e r s e d  i n  
th e  c a se  o f  c e l l  fragm en ts  t r e a t e d  w i th  d i s t i l l e d  w a te r .  
C o n s id e r a b le  d é n a tu r a t io n  o f  enzymes suspended i n  d i s t i l l e d  
w a te r  a t  room tem p eratu re  may however be e x p e c te d ,  and t h i s  
r e v e r s a l  may c o n s e q u e n t ly  be in t e r p r e t e d  as  i n d i c a t i v e  o f  th e  
r e l a t i v e  s t a b i l i t i e s  o f  th e  Cx com ponents.
In  v iew  o f  th e  e f f i c i e n t  a c t io n  o f  c i t r a t e  b u f f e r  i n  
r e l e a s i n g  c e l l - b o u n d  Cx enzym es, th e  p o s s i b i l i t y  t h a t  th e  b u f f e r  
u s e d  f o r  w ash ing  i n t a c t  c e l l s  and c e l l  fragm en ts  d uring  h a r v e s t ­
in g  had a l s o  r e l e a s e d  any c e l l - b o u n d  C1 component was i n v e s t i g a t e d
5S .
by a s s a y in g  sam ples o f  th e  w ash ings  f o r  c e l l u l o l y t i c  a c t i v i t y .
No e v id e n c e  f o r  l i b e r a t i o n  o f  any components o t h e r  than  
^ - g l u c o s i d a s e , CMC-ase and C x - c e l l u l a s e  was o b t a in e d ,  and i n  
c o n t r a s t  t o  th e  e x t e n s i v e  s o l u b i l i z a t i o n  measured a t  room 
tem p era tu re ,  o n ly  s l i g h t  r e l e a s e  o f  Cx enzymes occu red  during  
c e n t r i f u g a t i o n  a t  0°  i n  c i t r a t e  b u f f e r ,
(d ) Enzyme v e l o c i t y  measurements ( f i g , 2 ) ,
V e l o c i t y - t i m e  c u r v e s  o f  c e l l - f r e e  and c e l l - b o u n d  Cx enzyme 
components f o l lo w e d  the  g e n e r a l  form o f  most enzymic r e a c t io n s  
i n  w hich  th e  v e l o c i t y  f a l l s  w ith  t im e .  The p e r io d s  during  w h ich  
th e  r a t e s  o f  h y d r o l y s i s  were ob served  to  be l i n e a r  were approx­
im a te ly  th e  i n i t i a l  50 min o f  in c u b a t io n  i n  the  c a s e  o f  p - g l u c o -  
s i d a s e  and th e  i n i t i a l  4h i n  the  c a s e  o f  CMC-ase and C x - c e l l u l a s e  
under  th e  a s sa y  c o n d i t io n s  d e s c r ib e d .  A lthough  th e  c e l l u l a s e  
cu rve  was r a t h e r  i r r e g u l a r  w ith  no r e a c t io n  b e in g  m easurable  
du rin g  th e  f i r s t  th r e e  d a y s ,  the  r a t e  o f  h y d r o l y s i s  o f  u n m od if ied  
c o t t o n  f i b r e s  by c e l l - f r e e  e x t r a c t s  was regarded  as l i n e a r  f o r  
th e  i n i t i a l  8 days o f  in c u b a t io n .  I t  i s  u n l i k e l y  t h a t  the  
sudden appearance o f  c e l l u l a s e  a c t i v i t y  a f t e r  3 days was due 
t o  co n ta m in a t io n  o f  in c u b a t io n  m ix tu r e s  as th e  sy stem  c o n ta in e d  
sodium a z id e  as an a n t im ic r o b ia l  a g e n t .
B e fo r e  ad op tin g  th e  standard  in c u b a t io n  p e r io d s  w hich  f e l l  
w e l l  w i t h in  t h e s e  l i m i t s  o f  l i n e a r  a c t i o n ,  th e  v a r io u s  c a u s e s  
c o n t r ib u t in g  to  th e  su bseq u en t d e c l i n e  i n  r e a c t i o n  r a t e s  were 
i n v e s t i g a t e d .  A lth ou gh  p roduct i n h i b i t i o n  i s  o f t e n  regarded  as  
th e  main f a c t o r  a f f e c t i n g  v e l o c i t y  i n  t h i s  manner, s i m i l a r  e f f e c t s  
may be produced i f  th e  d egree  o f  s a t u r a t i o n  o f  th e  enzyme w i t h  
s u b s t r a t e  f a l l s  due to  th e  d e c r e a se  i n  s u b s t r a t e  c o n c e n t r a t i o n ,  
o r  i f  th e  enzyme or  a co-enzym e u n dergoes  d é n a tu r a t io n  during
Figure 2
Enzyme v e l o c i t y  m easurem ents .
a )  A c t io n  on ONPG-.
0 -  C u ltu r e  f i l t r a t e  and c e l l  fragm en ts  
C u ltu re  f i l t r a t e  
A -  C e l l  fragm ents
b )  A c t io n  on CMC.
# -  C u ltu r e  f i l t r a t e  and c e l l  fragm en ts  
A -  C u ltu re  f i l t r a t e  
A -  C e l l  fragm en ts
3 0 0
200
^ / m l
ONP
100






Figure 2 ( c o n t ) .
c )  A c t io n  on a c id  s w o l le n  b a l l - m i l l e d  c e l l u l o s e .
© -  C u ltu r e  f i l t r a t e  and c e l l  fragm en ts  
A - C u l t u r e  f i l t r a t e  
A -  C e l l  fragm en ts
d )  A c t io n  on c o t t o n  f i b r e s .
0 -  C u ltu re  f i l t r a t e  and c e l l  fragm en ts  
A -  C u ltu re  f i l t r a t e  
A -  C e l l  fragm en ts








in c u b a t io n .  As a l l  o f  t h e s e  f a c t o r s  may a f f e c t  th e  v e l o c i t y  
s im u l t a n e o u s ly , i t  i s  o n ly  during th e  e a r l y  s t a g e s  o f  a t t a c k  
when th ey  have n o t  had t im e to  o p e r a te  th a t  a s s a y  c o n d i t io n s  
are a c c u r a t e ly  known. B ecause  d e t a i l e d  a n a ly s e s  o f  enzyme 
v e l o c i t y  c u r v e s  r e q u ir e  the  u se  o f  i s o l a t e d  and p u r i f i e d  
enzym es, s im p le  c o n f ir m a t io n  o f  c o n s ta n t  enzyme s a t u r a t i o n  
was o b ta in e d  a t  t h i s  s t a g e  o f  th e  i n v e s t i g a t i o n  by in c u b a t in g  
equal volum es o f  an enzyme e x t r a c t  w ith  v a r y in g  c o n c e n t r a t io n s  
o f  s u b s t r a t e .  S u b s tr a te  c o n c e n t r a t io n s  beyond w hich  no f u r t h e r  
in c r e a s e  i n  r e a c t i o n  r a t e s  were n o ted  u s in g  f r e s h l y  prepared
” 4u n c o n c e n tr a te d  e x t r a c t s  were found to  be a p p ro x im a te ly  5 x 1 0  
m olar OlîPG, 0,25% w /v  CMC and 0.5% w /v  a c id  s v /o l le n  c e l l u l o s e .  
A lth ou gh  th e  f i n a l  c o n c e n t r a t io n  o f  ONPG u sed  i n  r o u t in e  a s s a y s  
was th u s  a p p ro x im a te ly  f i v e  t im es  th e  s a t u r a t in g  c o n c e n t r a t io n  
r e q u ir e d  by f r e s h l y  p rep ared  e x t r a c t s ,  th e  CMC and a c id  s w o l le n  
c e l l u l o s e  p r e p a r a t io n s  p ro v id ed  lo w e r  m argins o f  s a f e t y  as th e  
f i n a l  c o n c e n t r a t io n s  o f  t h e s e  s u b s t r a t e s  i n  s tand ard  a s sa y  m ix tu res  
were o n ly  a p p ro x im a te ly  tw ic e  th e  minimum r e q u ir e d .  In  v iew  
however o f  the  d i f f i c u l t i e s  en cou n tered  i n  h a n d lin g  more co n cen ­
t r a t e d  p r e p a r a t io n s  o f  t h e s e  s u b s t r a t e s  i t  was found to  be more 
p r a c t i c a b l e  when exam ining p u r i f i e d  e x t r a c t s  o f  h ig h  a c t i v i t y  
t o  a s sa y  a d i l u t e d  sam ple o f  th e  enzyme, th e r e b y  e n su r in g  
c o n s ta n t  enzyme s a t u r a t i o n .
A lth ou gh  th e  c o n t r i b u t i o n  o f  d egree  o f  s a t u r a t i o n  to  th e  
e v e n tu a l  d e c l i n e  i n  r e a c t i o n  r a t e s  o f  Cx components was th u s  
c o n s id e r e d  n e g l i g i b l e ,  th e  s i t u a t i o n  was however found to  be 
more complex w i th  c e l l u l a s e  a c t i v i t y .  Each in c r e a s e  i n  the  
c o n c e n t r a t io n  o f  c o t t o n  f i b r e s  i n  in c u b a t io n  m ix tu res  from 0.5% 
to  5*0% w /v  produced a c o r r esp o n d in g  i n c r e a s e  i n  r e a c t i o n  r a t e
61 ,
u n t i l  th e  p o in t  was reached  v/hen i t  became im p r a c t ic a b le  to  
in c r e a s e  th e  s u b s t r a t e  c o n c e n t r a t io n  f u r t h e r  due to  th e  t o t a l  
a b s o r p t io n  o f  th e  l i q u i d  phase o f  th e  r e a c t io n  m ix tu r e s  by the  
f i b r e s .  In  t h i s  s i t u a t i o n  how ever, d i l u t i o n  o f  th e  enzyme i n  
an e f f o r t  t o  produce s a t u r a t io n  c o n d i t io n s  r e s u l t e d  i n  a l e v e l  
o f  a c t i v i t y  to o  low to  be r e l i a b l y  d e t e c t e d .  The 5.C% co n cen ­
t r a t i o n  o f  c o t t o n  f i b r e s  u sed  i n  r o u t in e  c e l l u l a s e  e s t im a t io n s  
was th u s  th e  h ig h e s t  l e v e l  p r a c t i c a b l e ,  r e s u l t i n g  i n  an u n a v o id ­
a b le  f a l l  i n  th e  d egree  o f  s a t u r a t i o n  during in c u b a t io n .
The e x t e n t  o f  enzyme d é n a tu r a t io n  was a s s e s s e d  i n i t i a l l y  
by a s sa y in g  enzyme p r e p a r a t io n s  w h ich  had undergone p r e v io u s  
in c u b a t io n  a t  40° i n  c i t r a t e  b u f f e r  pH 5 .0  f o r  v a r y in g  p e r io d s  
i n  th e  ab sence  o f  s u b s t r a t e .  No d é n a tu r a t io n  o f  Cx components  
was n o ted  durin g  th e  s tan d ard  in c u b a t io n  p e r io d s  (T able  3 )  
a lth o u g h  l o s s  o f  a c t i v i t y  was apparent a f t e r  p ro lon ged  in c u b ­
a t io n  f o r  up to  12 d a y s .  Cx enzyme s t a b i l i t i e s  v a r ie d  c o n s id ­
e r a b ly  o v er  t h i s  p e r i o d ,  p - g l u c o s i d a s e  r e t a i n i n g  a p p ro x im a te ly  
74% o f  i t s  o r i g i n a l  a c t i v i t y  a f t e r  12 d a y s ,  CMC-ase 18% and 
C x - c e l l u l a s e  b e in g  ren d ered  t o t a l l y  i n a c t i v e  a f t e r  8 d a y s .  
C e l l u l a s e  a c t i v i t y  however d e c r e a se d  g r a d u a l ly  durin g  th e  standard  
a s s a y  p e r io d  o f  7 days and was n o t  d e t e c t e d  a f t e r  8 d a y s .  As 
th e  p r e s e n c e  o f  s u b s t r a t e  may e x h i b i t  a s t a b i l i z i n g  e f f e c t  on 
an enzyme, a more a c c u r a te  check  on th e  e x te n t  o f  d é n a tu r a t io n  
was made w h i le  i n v e s t i g a t i n g  th e  e x t e n t  o f  product i n h i b i t i o n .
The e f f e c t  o f  accum ulated  p rod u ct  on enzyme v e l o c i t y  was 
a s s e s s e d  by s u b j e c t in g  sam ples o f  r e a c t i o n  m ix tu res  w hich had 
a t t a in e d  th e  p la t e a u  r e g io n  o f  th e  v e l o c i t y - t i m e  curve  to  
f r a c t i o n a t i o n  on 1 . 0  x 2 0 .0  cm columns o f  Sephadex G25 e q u i l ­
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enab led  r a p id  s e p a r a t io n  o f  enzymic components from low m o le c u la r  
w e ig h t  m a t e r ia l  to  be made. A lth ou gh  a l l  Cx a c t i v i t i e s  were found  
to  be c o m p le te ly  r e s t o r e d  by t h i s  p r o c e s s ,  c e l l u l a s e  a c t i v i t y  
was n ot r e c o v e r e d  (T ab le  4 ) ,
I n v e s t i g a t i o n s  th u s  i n d ic a t e d  th a t  w h i le  th e  d e c l in e  i n  
Cx a c t i v i t i e s  ob served  durin g  in c u b a t io n  was due a lm ost e n t i r e l y  
t o  product i n l i i b i t i o n ,  th e  la c k  o f  c e l l u l a s e  a c t i v i t y  a f t e r  
7 - 8  days in c u b a t io n  was b e l i e v e d  to  be due m a in ly  to  th e  combined  
e f f e c t s  o f  enzyme d é n a tu r a t io n  and a d e c r e a se  i n  th e  d egree  o f  
s a t u r a t i o n  w i t h  s u b s t r a t e .  In  v iew  o f  the  im p ortance  o f  p rod u ct  
i n h i b i t i o n  i n  Cx enzyme a s s a y s ,  a l l  r o u t in e  e s t im a t io n s  o f  
p - g l u c o s i d a s e , CMC-ase and C x - c e l l u l a s e  e x h i b i t i n g  c o n c e n t r a t io n s  
o f  p rod uct g r e a t e r  than  200 ^ g /m l ONP, 175 ;ig /m l and 90 ^ g /m l  
o f  re d u c in g  su gar  r e s p e c t i v e l y  a f t e r  th e  s tan d ard  in c u b a t io n  
p e r io d s  were r e -a s s a y e d  u s in g  a p p r o p r ia t e ly  d i l u t e d  enzyme 
p r e p a r a t io n s .
( e )  V iseo m etry  ( f i g . 3 ) .
V is c o m e tr ic  s t u d i e s  o f  th e  enzymic h y d r o ly s i s  o f  CMC dem onstrated  
t h i s  method to  be an e x tr e m e ly  s e n s i t i v e  and r a p id  means o f  
d e t e c t i n g  CMC-ase a c t i v i t y .  W hile a p p r e c ia b le  q u a n t i t i e s  o f  
re d u c in g  su g a r s  were o n ly  d e t e c t e d  a f t e r  l e n g t h y  in c u b a t io n  
p e r i o d s ,  a r a p id  drop i n  v i s c o s i t y  was measured during th e  f i r s t  
1 0 -1 5  min o f  in c u b a t io n  f o l lo w e d  by a p e r io d  o f  g ra d u a l d e c l i n e .  
S im u lta n eo u s  measurements o f  CMC-ase a c t i v i t y  by b o th  a s sa y  
methods r e v e a le d  th a t  th e  p e r io d  o f  r a p id  l o s s  o f  v i s c o s i t y  was 
a s s o c i a t e d  w i th  a low  l e v e l  o f  r e d u c in g  su gar l i b e r a t i o n ,  th e  
l a t t e r  becoming more pronounced d u r in g  su bseq u en t in c u b a t io n .
T h is  p a t t e r n  i s  c h a r a c t e r i s t i c  o f  endoenzymic a c t i v i t y  (Wood, 
1 9 5 5 ) ,  th e  i n i t i a l  r a p id  d e c r e a se  i n  v i s c o s i t y  b e in g  due to
Figure 3
V isc o m e tr y ,
A c t io n  on CMC o f
6 -  C u ltu r e  f i l t r a t e  a u to c la v e d  a t  15 p s i . ( 1 2 1 ° )
O -  C u ltu r e  f i l t r a t e  h ea ted  f o r  10 min a t  1 0 0 ° ,
A -  C u ltu r e  f i l t r a t e  h ea ted  f o r  10 min a t  100°  
and i n h i b i t e d  w i th  g lu e o n o la c t o n e .
□  -  U nheated  c u l t u r e  f i l t r a t e .
0 -  U nheated  c u l t u r e  f i l t r a t e  i n h i b i t e d  w i t h  








random c le a v a g e  o f  th e  lo n g e r  c h a in  components o f  th e  s u b s t r a t e ,  
and th e  l a c k  o f  r e d u c in g  power th e  r e s u l t  o f  a low r a t i o  o f  
te r m in a l  red u c in g  groups to  d eg ree  o f  p o ly m e r iz a t io n .  W hile  
h av in g  l i t t l e  e f f e c t  on v i s c o s i t y ,  subsequ en t h y d r o ly s i s  o f  the  
s h o r t e r  s u b s t r a t e  m o le c u le s  showed a marked in c r e a s e  i n  red u c in g  
power due to  a h ig h  t e r m in a l  r e d u c in g  group:DP r a t i o .
At an e a r l y  s t a g e  o f  t h i s  i n v e s t i g a t i o n  b e fo r e  i s o l a t e d  
components o f  th e  c e l l u l a s e  sy ste m  o f  C«acreroonium had been  
o b ta in e d ,  e v id e n c e  o f  " overlap p in g"  a c t io n  betw een two s u sp e c te d  
components v/as d i s c o v e r e d  during  v isc o m e tr y  s t u d i e s .  The c o n t r o l  
in c u b a t io n  m ixture  w hich  n orm ally  c o n ta in e d  an a u to c la v e d  sample 
o f  c u l t u r e  f i l t r a t e  v;as prepared  on one o c c a s io n  u s in g  a f i l t r a t e  
d enatured  by h e a t in g  a t  100° f o r  10 rain, and was found to  produce  
a s l i g h t  but s te a d y  l o s s  o f  v i s c o s i t y  w hich c o u ld  o n ly  be p rev en ted  
by in c r e a s i n g  th e  d u r a t io n  o f  h e a t in g  to  30 min a t  1 0 0 ° .  A ccu rate  
measurements o f  t h i s  th erm o sta b le  a c t i v i t y  r e v e a le d  th a t  what a t  
f i r s t  appeared to  be a l i n e a r  d e c r e a s e  i n  v i s c o s i t y  i n d i c a t i n g  
exo-enzyraic a c t i v i t y  was i n  r e a l i t y  a f l a t t e n e d  c u r v e ,  s u g g e s t in g  
e i t h e r  an ex tr e m e ly  low  l e v e l  o f  r e s id u a l  CMC-ase or  th e  a c t io n  
o f  a n o th er  enzyme a c t i v e  o n ly  on a minor component o f  CMC. In  
the  l a t t e r  c a se  th e  l i m i t e d  d e c r e a s e  i n  v i s c o s i t y  was b e l i e v e d  
to  im p l i c a t e  low DP s u b s t r a t e  m o le c u le s  w hich  i n  tu rn  su g g e s te d  
th e  p o s s i b l e  a c t i o n  o f  p - g l u c o s i d a s e  (R e e se ,  Maguire & P a r i s h ,
1968; King & V e s s a l ,  1969; Wood,1 9 7 1 ) .  A lth ough  no enzyme a c t i v i t y  
o f  any d e s c r i p t i o n  c o u ld  be d e t e c t e d  by s tand ard  a s sa y  p roced u res  
i n  f i l t r a t e s  h ea ted  a t  100° f o r  10 min, su b seq u en t h e a t  d é n a tu r a t io n  
s t u d i e s  confirm ed  ^ - g l u c o s i d a s e  t o  be th e  most th er m o sta b le  o f  
th e  Cx components ( f i g  4 ) .
F u r th e r  e v id e n c e  o f  h y d r o ly s i s  o f  CMC by ^ - g l u c o s i d a s e  was
F igu re  4 .
S e l e c t i v e  therm al d é n a tu r a t io n .
a )  E f f e c t  o f  h e a t in g  f o r  1 min on c e l l u l a s e  components 
o f  c u l t u r e  f i l t r a t e .
0 -  p - g lu c o s i d a s e  
D — CMC-ase 
JEI -  C x - c e l l u l a s e  
O -  C e l l u l a s e
b )  E f f e c t  o f  h e a t in g  a t  60° on c e l l u l a s e  components o f  
c u l t u r e  f i l t r a t e .
0 -  J 3 -g lu c o s id a s e  
□  -  CMC-ase 
0 -  C x - c e l l u l a s e  
O -  C e l l u l a s e
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I n h i b i t i o n  o f  c e l l u l a s e  components i n  c u l t u r e  f i l t r a t e  
by 1 .5 - g l u c o n o l a c t o n e .
a )  ® -  H y d r o ly s i s  o f  ONPG i n  u n in h ib i t e d  f i l t r a t e s
O -  H y d r o ly s i s  o f  ONPG i n  i n h i b i t e d  f i l t r a t e s .
b )  a -  H y d r o ly s i s  o f  CMC i n  u n in h ib i t e d  f i l t r a t e s .
Q -  H y d r o ly s i s  o f  CMC i n  i n h i b i t e d  f i l t r a t e s .
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F igure  5  ( c o n t ) .
c )  © -  H y d r o ly s i s  o f  a c id  s w o l le n  b a l l - m i l l e d
c e l l u l o s e  i n  u n in h ib i t e d  f i l t r a t e s .
O -  H y d r o ly s i s  o f  a c id  s w o l le n  b a l l - m i l l e d  
c e l l u l o s e  i n  i n h i b i t e d  f i l t r a t e s .
d )  H -  H y d r o ly s i s  o f  c o t t o n  f i b r e s  i n  u n in h ib i t e d
f i l t r a t e s .
"D- H y d r o ly s i s  o f  c o t t o n  f i b r e s  i n  i n h i b i t e d  











provided, by th e  d i s c o v e r y  th a t  th e  a d d i t io n  o f  1 .0  m^/ml o f  
1 * 5 -g lu c o n o la c to i ie  to  in c u b a t io n  m ix tu r e s  s u b s t a n t i a l l y  d ecre a se d  
th e  r a t e  o f  h y d r o l y s i s  by h ea ted  c u l t u r e  f i l t r a t e s  but had no 
m easurable e f f e c t ,  on unheated  f i l t r a t e s  ( f i g 3  )* 1 ,5 - g l u c o n o -  
1 a cto n e  i s  a c o m p e t i t i v e  i n h i b i t o r  o f  ^ - g l u c o s i d a s e  and i s  
c la im ed  to  be e x tr e m e ly  s p e c i f i c ,  h av in g  l i t t l e  or no a c t i o n  
on c e l l u l a s e ,  CMC-ase o r  o th e r  c l o s e l y  r e l a t e d  g lu c a n a s e s ,
(Jennyn , 1952; C o n c h ie ,1954 ;  R eese  & M andels , 1 9 5 7 ) .  W hile  the  
i n h i b i t i o n  o f  ^ - g l u c o s i d a s e  i n  unheated  f i l t r a t e s  was n o t  
d e t e c t a b l e  by v is e o m e tr y  due to  th e  masking a c t io n  o f  th e  more 
a c t i v e  CMC-ase com ponent, th e  i n h i b i t o r y  a c t i o n  o f  g lu e o n o la c to n e  
on y B -g lu co s id a se  was con firm ed  by m easuring th e  l i b e r a t i o n  o f  
o - n i t r o p h e n o l  from OITPG i n  in c u b a t io n  m ix tu res  c o n t a in in g  1 ,0  
mg/ml o f  th e  i n h i b i t o r ,  ( f i g  5 ) .  A lthough  v is c o m e tr y  s t u d i e s  
in d i c a t e d  no i n h i b i t i o n  o f  CMC-ase by g l u c o n o l a c t o n e , s im u lta n e o u s  
e s t im a t io n s  o f  r e d u c in g  su gar  l i b e r a t i o n  i n  i d e n t i c a l  r e a c t i o n  
m ix tu r e s  r e v e a le d  an apparent i n h i b i t i o n  o f  t h i s  enzyme o f  
ap p ro x im a te ly  50%. T h is  o b s e r v a t io n  co u ld  however be e x p la in e d  
by p o s t u l a t i n g  th e  main product o f  CMC-ase a c t i o n  to  be c e l l o b i o s e  
w hich  e x h i b i t s  an e q u iv a le n t  re d u c in g  power o f  a p p ro x im a te ly  40% 
t h a t  o f  g l u c o s e ,  and w hich  would accum ulate  under c o n d i t i o n s  o f  
^ - g l u c o s i d a s e  i n h i b i t i o n .  A s i m i l a r  e f f e c t  was n o ted  by P e s t e n s t e i n  
(1 9 5 8 )  who r e p o r te d  co m p le te  i n h i b i t i o n  o f  c e l l o b i a s e  a c t i v i t y  
i n  e x t r a c t s  o f  rumen m icr o -o rg a n ism s  by 1 ,4 - g lu c o n o la c t o n e  a t  a 
c o n c e n t r a t io n  w hich produced 60% i n h i b i t i o n  o f  CMC-ase as  
measured by red u c in g  power. P e s t e n s t e i n  co n c lu d ed  th a t  t h i s  l a s t  
e f f e c t  c o u ld  r e s u l t  s o l e l y  from th e  a c t io n  o f  th e  g lu c o n o la c to n e  
on th e  c e l l o b i a s e  i n  th e  p r e p a r a t io n .  I t  i s  i n t e r e s t i n g  to  n o te  
t h a t  th e  i n h i b i t i o n  was l e s s  marked i n  th e  c a s e  o f  a t t a c k  on a c id
F ig u re  6 ,
D ip h a s ic  n a tu re  o f  CMC.
a )  H y d r o ly s i s  o f  s o l u b l e  component o f  CMC by 
O -  C u ltu re  f i l t r a t e  
0 -  C e l l  fragm en ts
b )  H y d r o ly s i s  o f  g e l  component o f  CMC by 
O -  C u ltu re  f i l t r a t e  








s w o l le n  c e l l u l o s e ,  i n d i c a t i n g  th a t  c e l l o b i o s e  was p ro b a b ly  not  
th e  s o l e  or  major product o f  C x - c e l l u l a s e  a c t i o n .  No i n h i b i t i o n  
o f  c e l l u l a s e  a c t i v i t y  by 1 , 5 -g lu c o n o la c to n e  was n o te d .
P r e l im in a r y  s t u d i e s  on the  d e g r a d a t io n  o f  CMC were com pleted  
w ith  an i n v e s t i g a t i o n  i n t o  the  d ip h a s i c  n a tu r e  o f  s o l u t i o n s  o f  
t h i s  s u b s t r a t e .  These s o l u t i o n s  c o n s i s t e d  o f  i n s o l u b l e  g e l  p a r t i c l e s  
suspended i n  a c l e a r  v i s c o u s  l i q u i d  component, th e  p a r t i c l e s  b e in g  
r e a d i l y  sed im onted  by g e n t l e  c e n t r i f u g a t i o n  i n t o  a t h i c k  g e l a t ­
in o u s  p e l l e t .  No f u r t h e r  s o l u b i l i z a t i o n  o f  t h i s  g e l  component was 
a c h ie v e d  d e s p i t e  r e p e a te d  a p p l i c a t i o n s  o f  e i t h e r  f r e s h  b u f f e r  or  
d i s t i l l e d  v /ater  a t  room tem perature  or 100^. F u r th er  i n v e s t i g a t i o n s  
dem onstrated  th a t  u n c e n tr i fu g e d  s o l u t i o n s  o f  CMC were more r a p id ly  
h y d r o ly se d  than c e n t r i f u g e d  p r e p a r a t io n s ,  i n d i c a t i n g  th e  g e l  
component to  be more s u s c e p t i b l e  t o  enzymic a t t a c k  than  th e  m a te r ia l  
i n  s o l u t i o n .  T h is  was confirm ed  by assaj»’in g  in c u b a t io n  m ix tu res  
c o n t a in in g  sam ples o f  washed g e l  a s  s u b s t r a t e ,  the  e x t e n t  o f  
h y d r o ly s i s  o f  t h i s  component b e in g  su b s e q u e n t ly  shovm to  be 
a p p ro x im a te ly  tw ic e  th a t  o f  th e  s o l u b l e  m a t e r ia l  when t r e a t e d  
w ith  i d e n t i c a l  c e l l - f r e e  and s o l u b i l i z e d  c e l l - b o u n d  enzyme e x t r a c t s  
( f i g  6 ) .  Carboxymethyl c e l l u l o s e  a s  n orm ally  prepared  i s  h e t e r ­
ogeneous i n  b o th  d eg ree  o f  s u b s t i t u t i o n  (DS) and d eg ree  o f  p o ly ­
m e r iz a t io n  (DP), T i m e l l , ( 1 9 5 3 )  b e l i e v i n g  th e  form er to  be more 
v a r i a b l e  than  th e  l a t t e r .  A lth ou gh  a h ig h  d eg ree  o f  s u b s t i t u t i o n  
r e s u l t s  i n  a more s o l u b l e  p r e p a r a t io n ,  enzymic a c t i v i t y  i s  
c u r t a i l e d  to  th e  e x t e n t  th a t  when each  an h ydrog lu cose  u n i t  
c o n t a in s  one s u b s t i t u e n t  grou p , th e  m o lec u le  i s  r e s i s t a n t  to  
b i o l o g i c a l  a t t a c k  (R e e s e ,  S iu  & L e v in s o n ,  1 9 5 0 ) .  A low DS ren d ers  
th e  c e l l u l o s e  d e r i v a t i v e  more s u s c e p t i b l e  t o  enzymic d e g r a d a t io n  
u n t i l  t h i s  i s  o f f s e t  by reduced  s o l u b i l i t y .  The v a r i a t i o n  o f
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s o l u b i l i t y  and s u s c e p t i b i l i t y  to  a t t a c k  n o ted  i n  th e  CMC prep­
a r a t io n s  u sed  i n  t h i s  i n v e s t i g a t i o n  co u ld  th u s  be e x p la in e d  
on th e  b a s i s  o f  v a r i a t i o n s  o f  DS, average  e s t im a t e s  measured  
by th e  method o f  Green (1963)  b e in g  0 .5 0  f o r  the  s o lu b le  m a te r ia l  
and 0 .4 2  f o r  th e  u n c e n tr i fu g e d  p r e p a r a t io n .  E s t im a te s  o f  the  
average  DS o f  th e  g e l  component were n o t  made due to  d i f f i c u l t i e s  
e x p e r ie n c e d  i n  o b t a in in g  s u f f i c i e n t  d r ie d  m a t e r ia l  f o r  a c c u r a te  
a n a l y s i s .  As s u s p e n s io n s  o f  th e  g e l  p a r t i c l e s  were d i f f i c u l t  to  
handle  a c c u r a t e ly  and co u ld  n o t  be u sed  f o r  v i s c o m e t r ic  s t u d i e s ,  
th e  s o l u b l e  component was ch o sen  as s u b s t r a t e  f o r  CMC-ase 
e s t im a t io n s  d e s p i t e  th e  more r e s i s t a n t  n a tu re  o f  t h i s  m a t e r i a l .
( f ) Column chromatography
In  c o n t r a s t  to  th e  c e l l u l a s e  s y s te m s  o f  most o th e r  commonly 
i n v e s t i g a t e d  o rg a n ism s ,  f r a c t i o n a t i o n  o f  C.acremoiiium c u l t u r e  
f i l t r a t e s  on Sephadex G75 f a i l e d  t o  produce any s i g n i f i c a n t  
r e s o l u t i o n  o f  th e  enzyme com plex , a lth o u g h  a marked p u r i f i c a t i o n  
o f  th e  c e l l u l o l y t i c  components was a c h ie v e d  by t h e i r  s e p a r a t io n  
from a c o n s id e r a b le  q u a n t i ty  o f  n o n - a c t iv e  p r o t e i n ,  p igm en ts  and 
low m o le c u la r  w e ig h t  ca rb oh yd rate  a l s o  p r e s e n t  i n  th e  f i l t r a t e s  
( f i g  7 ) .  A lthough th e  e l u t i o n  o f  ^ - g l u c o s i d a s e  i n  the  v o id  volume 
in d i c a t e d  a p a r t i a l  s e p a r a t io n  o f  t h i s  enzyme from th e  rem aining  
c e l l u l o l y t i c  com ponents, the  i d e n t i c a l  e l u t i o n  volum es e x h ib i t e d  
by CMC-ase, C x - c e l l u l a s e  and c e l l u l a s e  w i t h  a c t i v i t y  peaks  
c o i n c i d i n g  a t  f r a c t i o n  9 q u e s t io n e d  th e  c o n c e p t  o f  t h e s e  components  
e x i s t i n g  as  s e p a r a te  e n t i t i e s .  S i m i l a r l y  w h i le  a l l  (106%) o f  
th e  o r i g i n a l  ^ - g l u c o s i d a s e  was r e c o v e r e d  a f t e r  f r a c t i o n a t i o n ,  
r e c o v e r i e s  o f  CMC-ase, C x - c e l l u l a s e  and c e l l u l a s e  were 94%, 90% 
and 90% r e s p e c t i v e l y .  A lthough  f r a c t i o n a t i o n  on Sephadex G75 
was c o n s e q u e n t ly  o f  l i t t l e  v a lu e  i n  r e s o l v i n g  th e  enzyme complex
F igure  7 .
F r a c t i o n a t i o n  o f  c u l t u r e  f i l t r a t e  on Sephadex G75
A" Lowry p r o t e in  
® -  )B -g lu c o s id a se  
Q — CMC-ase 
B -  C x - c e l l u l a s e  
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th e  t e c h n iq u e  was found to  be e x tr e m e ly  u s e f u l  as a p r e l im in a r y  
p u r i f i c a t i o n  p r o c e s s ,  p a r t i c u l a r l y  i n  th e  c a s e  o f  e x t r a c t s  
s u b s e q u e n t ly  to  be s t u d ie d  by g e l  e l e c t r o p h o r e s i s .
The f i r s t  e v id e n c e  o f  th e  e x i s t e n c e  o f  m u lt ien zym ic  components  
o t h e r  th an  j^ -g lu c o s id a s e  v/as p ro v id ed  by f r a c t i o n a t i o n  o f  e x t r a c t s  
on Sephadex G200 when a second  peak o f  CMC-ase appeared i n  th e  
f r a c t i o n s  c o n ta in in g  th e  C x - c e l l u l a s e  and c e l l u l a s e  a c t i v i t i e s  
( f i g  8 ) .  A lthough  ^ - g l u c o s i d a s e  was e lu t e d  as p r e v i o u s ly  i n  th e  
v o id  volume i n d i c a t i n g  an ex tr e m e ly  h ig h  m o le c u la r  w e ig h t ,  
s e p a r a t io n  o f  t h i s  component from the  major p a r t  o f  th e  CMC-ase 
a c t i v i t y  was in c o m p le t e ,  W hile r e c o v e r y  o f  p - g l u c o s i d a s e  was 
c a l c u l a t e d  as 99^ , a s l i g h t  l o s s  o f  16^ was n o ted  i n  th e  c a s e  
o f  th e  t o t a l  CMC-ase a c t i v i t y .  The poor apparent r e c o v e r i e s  o f  
C x - c e l l u l a s e  and c e l l u l a s e  o f  42% and 44% r e s p e c t i v e l y  w hich  
were i n i t i a l l y  b e l i e v e d  to  be due t o  d é n a tu r a t io n  were s u b s e q u e n t ly  
found to  be in c r e a s e d  to  66% and 62% r e s p e c t i v e l y  by th e  i n c l u s i o n  
i n t o  t h e s e  a s sa y  m ix tu r e s  o f  a p p ro x im a te ly  50 u n i t s /m l  o f  th e  - 
i s o l a t e d  ^ - g l u c o s i d a s e  component, th ereb y  en su r in g  th a t  th e  method 
o f  a s s a y  w hich  depends on th e  l i b e r a t i o n  o f  red u c in g  group s was 
i n  f a c t  m easuring g l u c o s e ,  and th a t  the r e s u l t s  were n o t  i n v a l i d a t e d  
by th e  p r e se n c e  o f  low  m o le c u la r  v /e ight o l ig o m e r s .  S im i la r  a d d i t io n s  
o f  p - g l u c o s i d a s e  t o  in c u b a t io n  m ix tu res  c o n t a in in g  CMC r e s u l t e d  
i n  an in c r e a s e  o f  th e  t o t a l  CMC-ase a c t i v i t y  rec o v e r e d  t o  94%» 
th e  most s i g n i f i c a n t  in c r e a s e  i n  a c t i v i t y  o c c u r in g  i n  th o s e  
f r a c t i o n s  c o n ta in in g  th e  h ig h  m o le c u la r  w e ig h t  CMC-ase component 
but w h ich  were n ot con tam in ated  by r e s i d u a l  j p - g lu c o s id a s e .
I n  an attem pt t o  improve th e  r e s o l u t i o n  o f  th e  enzymic  
com p on en ts,  subseq u en t f r a c t i o n a t i o n s  were perform ed on th e  
S u p e r f in e  grade o f  Sephadex G200 a t  c o n s id e r a b ly  reduced  e l u t i o n
F igu re  8 .
F r a c t io n a t io n  o f  c u l t u r e  f i l t r a t e  on Sephadex G200
^ - g l u c o s i d a s e  
Q — CMC-ase 
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r a t e s .  D e s p i t e  t h e s e  r e f in e m e n ts  f u r t h e r  s e p a r a t io n  o f  a c t i v i t i e s  
was found ex tre m e ly  d i f f i c u l t  t o  a c c o m p lish ,  in c r e a s e d  r e s o l u t i o n  
o n ly  b e in g  o b ta in ed  by e l u t i o n  a t  th e  s lo w e s t  r a t e s  p r a c t i c a b l e  
( f i g  9 )• The s l i g h t  l o s s e s  o f  C x - c e l l u l a s e  and c e l l u l a s e  noted  
p r e v i o u s ly  were however s i g n i f i c a n t l y  in c r e a s e d  by t h e s e  exten d ed  
f r a c t i o n a t i o n  p e r i o d s ,  w ith  r e c o v e r i e s  a f t e r  96h o f  25% and 31% 
r e s p e c t i v e l y .  R e - a d d i t io n  o f  ^ - g l u c o s i d a s e  r a i s e d  t h e s e  f i g u r e s  
t o  35% and 42% and a l s o  in c r e a s e d  th e  t o t a l  r e c o v e r y  o f  CMC-ase 
from 41% to  71%. To o b ta in  an e s t im a t e  o f  th e  r a t e  and e x t e n t  o f  
d é n a tu r a t io n  o f  t h e s e  components during  f r a c t i o n a t i o n ,  sam ples o f  
th e  c o n c e n tr a te d  e x t r a c t s  n o rm a lly  a p p l ie d  to  th e  columns were  
d i l u t e d  1 i n  25 w i t h  c i t r a t e  b u f f e r  pH 5 .0  and m ain ta in ed  a t  4 ° .
At s u i t a b l e  i n t e r v a l s  sam ples were w ithdrawn f o r  s tand ard  a s s a y s  
and th e  a c t i v i t i e s  e x p r e s s e d  as a p e r c e n ta g e  o f  th o se  measured  
i n i t i a l l y .  The r e s u l t s  confirm ed  th a t  w h i le  CMC-ase a c t i v i t y  
was reduced  by o n ly  a p p ro x im a te ly  20% i n  1OOh under t h e s e  
c o n d i t i o n s ,  o v er  60% o f  th e  C x - c e l l u l a s e  and a lm ost 80% o f  th e  
c e l l u l a s e  a c t i v i t i e s  were l o s t  ( f i g  1 0 ) ,
In  v iew  o f  th e  s u c c e s s f u l  i s o l a t i o n  o f  ^ - g l u c o s i d a s e  from  
th e  rem ain ing  components and th e  in c r e a s e d  r e s o l u t i o n  o f  th e  
two CMC-ase p ea k s ,  th e  la c k  o f  any s im u lta n e o u s  s e p a r a t io n  o f  
C x - c e l l u l a s e  and c e l l u l a s e  a c t i v i t i e s  and t h e i r  s i m i l a r  r a t e s  
o f  d é n a tu r a t io n  s u g g e s te d  th e  p o s s i b l e  e x i s t e n c e  o f  a s i n g l e  
enzymic component e l u t e d  i n  f r a c t i o n s  3 4 -4 3  ( f i g  9 ) .  T h is  
component co u ld  th u s  n o t  o n ly  be r e s p o n s i b l e  f o r  th e  f i l t r a t e * s  
a c t i v i t y  towards a c id  s w o l le n  c e l l u l o s e  and n a t iv e  f ib r o u s  c o t t o n ,  
but a l s o  f o r  th e  secon d  peak o f  CMC-ase a c t i v i t y *  F u r th er  e v id e n c e  
su p p o r t in g  t h i s  th e o r y  was p ro v id ed  by a s l i g h t  m o d i f i c a t i o n  o f  
th e  d é n a tu r a t io n  a n a l y s i s  d e s c r ib e d  e a r l i e r .  I n  t h i s  c a s e  th e
F ig u re  9 »
F r a c t io n a t io n  o f ' c u l t u r e  f i l t r a t e  on Sephadex G200 
S u p e r f in e  a t  red uced  r a t e  o f  e l u t i o n .
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f r a c t i o n s  w hich were n orm ally  s t o r e d  a t  -20*^ u n t i l  r e q u ir e d  
were m ain ta in ed  a t  4° and sam ples  withdrav/n a t  r e g u la r  i n t e r v a l s  
f o r  a s s a y  o v er  a p e r io d  o f  5 d a y s .  A f t e r  2 days no c e l l u l a s e  
a c t i v i t y  v/as d e t e c t e d ,  a f t e r  3 days th e  second  CMC-ase a c t i v i t y  
had d isa p p e a red  and a f t e r  5 days a l l  C x - c e l l u l a s e  a c t i v i t y  was 
l o s t ,  th e  r a t e s  o f  decay  o f  t h e s e  a c t i v i t i e s  a g a in  b e in g  shown 
t o  be s i m i l a r  ( t a b l e  5 ) .  During t h i s  p e r io d  no d é n a tu r a t io n  o f  
^ - g l u c o s i d a s e  and o n ly  s l i g h t  l o s s  o f  th e  m ajor CMC-ase component 
was d e t e c t e d ,
A f u r t h e r  a ttem p t was however made to  s e p a r a te  th e  m u l t ip le  
a c t i v i t i e s  o f  th e  C x - c e l l u l a s e  on Sephadex G200 when th e  a q u i s i t i o n  
o f  an upward f lo w  ad a p to r  en ab led  th e  o u t l e t  o f  th e  Pharm acia  
K 15/90 column to  be co n n ec ted  i n t o  th e  i n l e t  o f  th e  K 25/100  
colum n, th ereb y  d o u b l in g  th e  e f f e c t i v e  bed h e i g h t . No f u r t h e r  
r e s o l u t i o n  o f  th e  C x - c e l l u l a s e  component was a ch ie v ed  by t h i s  
m o d i f i c a t i o n .  W hile  Sephadex G200 was s u b s e q u e n t ly  u sed  r o u t i n e l y  
f o r  th e  s e p a r a t io n  o f  jB -g lu c o s id a se  and CMC-ase, f r a c t i o n a t i o n  
t e c h n iq u e s  i n v o l v i n g  g e l  e l e c t r o p h o r e s i s  and io n  exchange chroma­
to g ra p h y  v/ere employed i n  an e f f o r t  to  r e s o l v e  th e  u n i -  or  m u l t i ­
enzym ic i d e n t i t y  o f  th e  t h ir d  enzymic component f o r  w hich  th e  
term  " C x - c e l l u l a s e ” was r e t a i n e d .  F r a c t io n s  c o n t a in in g  t h i s  
component were f r e e z e  d r ie d  u n t i l  r e q u ir e d  and r e c o n s t i t u t e d  
i n  0 ,1  M a c e t a t e  b u f f e r  f o r  i o n  exchange i n v e s t i g a t i o n s  o r  i n  
0 ,0 1  M t r i s - g l y c i n e  b u f f e r  pH 8 ,3  c o n ta in in g  0 ,2 5  M s u c r o s e  f o r  
g e l  e l e c t r o p h o r e s i s  s t u d i e s  as  d e s c r ib e d  i n  (g )  and (h )  b e low ,
( g )  Io n  exchange chromatography
F r a c t i o n a t i o n s  o f  th e  p u r i f i e d  C x - c e l l u l a s e  on both  DEAE- and 
SE- Sephadex f a i l e d  to  r e s o l v e  t h i s  component w hich  was adsorbed  
on th e  a n io n  ex ch a n g er  a t  pH 8 , 0  and e lu t e d  a t  pH 5 . 5 ,  and adsorbed
F igure  1 1 .
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a )  Chromatography o f  C x - c e l l u l a s e  on DEAE-Sephadex. 
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vxi th e  c a t i o n  exch an ger  a t  pH 4 . 0 ,  d e s o r p t io n  o ccu r in g  a t  pH 
h , 8 .  I n  b o th  c a s e s  th e  a c t i v i t y  was e lu t e d  as a s i n g l e  peak a c t i v e  
a g a in s t  CMC, a c id  s w o l le n  c e l l u l o s e  and c o t t o n  f i b r e s  ( f i g  1 1 ) .
(h)  C el e l e c t r o p h o r e s i s
g inall s c a l e  f r a c t i o n a t i o n s  o f  sam ples o f  c u l t u r e  f i l t r a t e  
p r e v io u s ly  p u r i f i e d  on Sephadex G75 r e v e a le d  th e  p r e s e n c e  o f  
a l a r g e  number o f  p r o t e i n s  w h ich  had remained u n r e s o lv e d  during  
t h i s  p r e p a r a t iv e  f r a c t i o n a t i o n .  A lth ou gh  th e  band co rr esp o n d in g  
to  th e  ^ - g l u c o s i d a s e  component was s u c c e s s f u l l y  i d e n t i f i e d  ( p l a t e  l ) ,  
a l l  a t te m p ts  to  l o c a t e  th e  rem ain ing  c e l l u l o l y t i c  enzymes by 
embedding g e l s  i n  s o l i d i f i e d  s u b s t r a t e  p r e p a r a t io n s  f a i l e d .
A ttem p ts  to  s e c t i o n  the  g e l s  by means o f  a r e f r i i  .g era ted  microtome  
a l s o  proved  u n s u c c e s s f u l  due t o  the  e l a s t i c  natu re  o f  th e  p o ly ­
m erized  a c r y la m id e .
D e s p i t e  th e  h ig h  degree  o f  r e s o l u t i o n  o b ta in ed  by sm a ll  
s c a l e  e l e c t r o p h o r e s i s ,  th e  s e p a r a t io n  o f  enzymic components by 
th e  p r e p a r a t iv e  column proved d is a p p o in t in g  ( f i g  1 2 ) .  T h is  was 
however b e l i e v e d  to  be due t o  an e x c e s s i v e  e l u t i o n  chamber volume 
w h ich  was in c a p a b le  o f  m a in ta in in g  th e  s e p a r a t io n  o f  p r o t e i n  
bands a c h ie v e d  by e l e c t r o p h o r e s i s .  D e s p i t e  the  poor s e p a r a t io n ,  
th e  e l u t i o n  p a t t e r n s  o b ta in e d  by p r e p a r a t iv e  d i s c  e l e c t r o p h o r e s i s  
I n d ic a t e d  th e  l o c a t i o n  o f  th e  CMC-ase and C x - c e l l u l a s e  components  
i n  th e  sm a ll  s t a i n e d  g e l s  t o  be th e  two p r o t e i n  bands p o s s e s s in g  
« l i g h t l y  g r e a t e r  m o b i l i t i e s  th an  th e  ^ - g l u c o s i d a s e  com ponent. Rf 
v a lu e s  based  on th e  bromophenol b lu e  marker were c a l c u l a t e d  as  
2 9 ,  37 and 41 f o r  th e  ^ - g l u c o s i d a s e , CMC-ase and C x - c e l l u l a s e  
components r e s p e c t i v e l y .  As p r e v i o u s ly  a l l  c e l l u l a s e  a c t i v i t y  
was c o n f in e d  to  th o s e  f r a c t i o n s  c o n ta in in g  th e  C x - c e l l u l a s e  
com ponent, and s i m i l a r l y  sam ples  o f  th e  f r a c t i o n s  c o n t a in in g  th e
F igure  1 2 .
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low  m o le c u la r  w e ig h t  CMG-ase, C x - c e l l u l a s e  c e l l u l a s e  a c t i v i t i e s  
o b ta in e d  by f r a c t i o n a t i o n  on Sephadex G200 were s u b s e q u e n t ly  
shovm t o  be r e c o v e r e d  as  a s i n g l e  peak a f t e r  b e in g  s u b je c te d  
t o  p r e p a r a t iv e  e l e c t r o p h o r e s i s .  A f t e r  c o n c e n t r a t io n  by f r e e z e  
d r y in g  t h i s  peak was found t o  m ig ra te  as  a s i n g l e  p r o t e i n  band 
w it h  an Rf o f  40 on sm a ll  s c a l e  d i s c  e l e c t r o p h o r e s i s  g e l s .
The a p p l i c a t i o n  o f  t h e s e  e s t a b l i s h e d  f r a c t i o n a t i o n  t e c h n iq u e s  
t o  th e  s o l u b i l i z e d  c e l l - b o u n d  e x t r a c t s  en ab led  a d i r e c t  com parison  
o f  t h e s e  components to  be made w i t h  t h o s e  found i n  c u l t u r e  f i l t r a t e s .  
The r e s u l t s  d em onstrated  f r a c t i o n a t i o n  p a t t e r n s  o f  e x t r a c t s  from  
b o th  s o u r c e s  to  be i d e n t i c a l  on Sephadex G200, and th e  i s o l a t e d  
components o f  th e  s o l u b i l i z e d  p r e p a r a t io n s  were s u b s e q u e n t ly  
shown to  e x h i b i t  th e  same R f v a lu e s  on acry lam ide g e l s  as  th e  
c e l l - f r e e  com ponents,
( i )  Temperature and pH p r o f i l e s  (fi% s 13 &c 1 4 ) .
The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  confirm ed  th a t  th e  o r i g i n a l  
c h o ic e  o f  pH 5 ,0  and 40^ f o r  r o u t in e  a s s a y s  had c r e a t e d  in c u b a t io n  
c o n d i t i o n s  v/hich were c l o s e l y  r e l a t e d  t o  th e  optim a re q u ir e d  by 
i n d i v i d u a l  enzymic com ponents. A lth ou gh  t h e s e  c o n d i t i o n s  were 
c o r r e c t  f o r  CMC-ase a c t i v i t y ,  s l i g h t  enhancement o f  p - g l u c o s i d a s e  
and C x - c e l l u l a s e  a c t i v i t i e s  were shown to  be p o s s i b l e  by i n c r e a s i n g  
th e  pH to  6 ,0  i n  b o th  c a s e s  and by in c u b a t in g  a t  37^ f o r  Cx- 
c e l l u l a s e  and a t  45° f o r  jB -g lu o o s id a s e , I n  v iew  however o f  th e  
p r a c t i c a l  d i f f i c u l t i e s  in h e r e n t  i n  such  m o d i f i c a t i o n s  a t  t h i s  
s t a g e  o f  the  i n v e s t i g a t i o n  p a r t i c u l a r l y  i n  th e  c a l c u l a t i o n  o f  
enzyme r e c o v e r i e s ,  and b eca u se  o f  th e  minor i n c r e a s e s  in v o lv e d ,  
r o u t i n e  e s t im a t io n s  o f  a c t i v i t y  were co n t in u e d  a t  pH 5 ,0  and 4 0 ° ,  
D e s p i t e  d i f f e r e n c e s  i n  r e l a t i v e  c o n c e n t r a t i o n s ,  th e  pH and 
tem p era tu re  p r o f i l e s  o f  b o th  c e l l - f r e e  and s o l u b i l i z e d  c e l l -
F ig u r e  1 3 .
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bound enzymes were a g a in  shovm to  p o s s e s s  c o n s id e r a b le  s i m i l a r i t i e s .
( j ) M olecu lar  w e ig h t  d e te r m in a t io n s
A l i n e a r  r e l a t i o n s h i p  o f  l o g  I # t  a g a in s t  Ve/Vo was e s t a b l i s h e d  
f o r  p r o t e in  m o le c u le s  p o s s e s s i n g  m o le c u la r  w e ig h ts  betw een  14*700  
and 225*000 when f r a c t i o n a t e d  on Sephadex 0 2 0 0 , a l th o u g h  the  
l a r g e s t  p r o t e in  ( c a t a l a s e )  was c o m p le te ly  ex c lu ded  from th e  g e l  
r e s u l t i n g  i n  a Ve/Vo r a t i o  o f  1 ( f i g  1 5 ) ,  The Ve/Vo r a t i o s  f o r  
jB - g lu c o s id a s e , CMC-ase and C x - c e l l u l a s e  components were c a l c u l a t e d  
from t h e i r  e l u t i o n  volum es on t h i s  c a l i b r a t e d  column as 1 . 0 ,  2 . 1 8  
and 3 . 1 8  r e s p e c t i v e l y ,  i n d i c a t i n g  a m o le c u la r  w e ig h t  o f  CMC-ase 
o f  a p p ro x im a te ly  4 5 ,0 0 0  and o f  C x - c e l l u l a s e  a p p ro x im a te ly  1 1 , 2 0 0 .
I n  v iew  o f  th e  t o t a l  e x c l u s i o n  o f  J B -g lu c o s id a se , th e  m o le c u la r  
w e ig h t  o f  t h i s  component i s  b e l i e v e d  to  be i n  e x c e s s  o f  225*000 .
W hile  Sephadex G200 i s  c la im ed  to  have a f r a c t i o n a t i o n  range o f  
5*000 to  8 0 0 ,0 0 0  f o r  p e p t id e s  and g lo b u la r  p r o t e i n s ,  th e  m o le c u la r  
w e ig h t  range o f  l i n e a r  d e x tr a n s  c a p a b le  o f  b e in g  r e s o lv e d  by t h i s  
g ra d e  o f  g e l  i s  o n ly  1000 to  2 0 0 ,0 0 0 .  These r e s u l t s  are  th u s  
b e l i e v e d  to  s u g g e s t  ^ - g l u c o s i d a s e  to  be an ex tr e m e ly  l a r g e  m o le c u le  
p o s s e s s i n g  an e s s e n t i a l l y  l i n e a r  c o n f i g u r a t i o n .  A lth ou gh  th e  
e s t im a te d  m o le c u la r  w e ig h t s  o f  CMC-ase and C x - c e l l u l a s e  f a l l  w e l l  
w i t h i n  th e  f r a c t i o n a t i o n  range o f  Sephadex G75* no e x p la n a t io n  
can  be g iv e n  f o r  th e  la c k  o f  r e s o l u t i o n  o f  t h e s e  components on 
t h i s  g e l .
(k )  E n zy m e-su b stra te  a f f i n i t i e s  ( f i g s  1 6 - 2 3 ) .
A lth o u g h  the  d e s i r a b i l i t y  o f  u s in g  r e a s o n a b ly  pure enzyme p r e p a r a t io n s  
f o r  th e  d e te r m in a t io n  o f  M ic h a e l i s  c o n s t a n t s  i s  w e l l  known, th e  
e q u a l  im portance o f  s u b s t r a t e  p u r i t y  i s  o f t e n  o v e r lo o k e d ,  p a r t i c ­
u l a r l y  i n  i n v e s t i g a t i o n s  o f  enzymes p o s s e s s i n g  ..low, d e g r e e s  o f  
s p e c i f i c i t y .  In  common w ith  most o th e r  d e p o ly m e r a se s ,  c e l l u l o l y t i c
F ig u re  1 5 .
M o lecu la r  w e ig h t  d e te r m in a t io n .
C a l i b r a t i o n  o f  Sephadex G200 column by f r a c t i o n a t i o n . o f
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enzymes are  n orm ally  a c t i v e  on e x tr e m e ly  h e te r o g e n e o u s  s u b s t r a t e s ,  
th o  m o le c u le s  o f  c e l l u l o s e  and c e l l u l o s e  d e r i v a t i v e s  e x h i b i t i n g  
d i f f e r e n t  s u s c e p t i b i l i t i e s  t o  a t t a c k  a c c o r d in g  to  t h e i r  d egree  
o f  p o ly m e r iz a t io n ,  d egree  o f  s u b s t i t u t i o n  and a r c h i t e c t u r a l  
f e a t u r e s .  The s i t u a t i o n  may be f u r t h e r  c o m p lic a te d  by a ten d en cy  
f o r  d i f f e r e n t  enzymic components a c t in g  on s t r u c t u r a l l y  s i m i l a r  
s u b s t r a t e s  t o  l a c k  the r i g i d  s p e c i f i c i t y  n orm ally  c la im ed  to  
be an e s s e n t i a l  f e a t u r e  o f  enzyme r e a c t i o n s ,  n e c e s s i t a t i n g  more 
r i g i d  p u r i f i c a t i o n  o f  e x t r a c t s  than  u s u a l l y  c o n s id e r e d  a d eq u a te .  
W ith th e  e x c e p t i o n  o f  jB -g lu c o s id a se  a c t i n g  on ONPG o r  c e l l o b i o s e ,  
c a l c u l a t i o n  o f  M ic h a e l i s  c o n s t a n t s  f o r  th e  c e l l u l o l y t i c  components  
o f  C.acremonium were c o n s e q u e n t ly  i m p r a c t i c a b le .  I n  an e f f o r t  
how ever to  o b t a in  some in fo r m a t io n  on th e  r e l a t i v e  a f f i n i t i e s  o f  
t h e s e  components f o r  a v a r i e t y  o f  c e l l u l o s i c  s u b s t r a t e s ,  th e  
i n c r e a s e s  i n  a c t i v i t y  o f  c o n s ta n t  amounts o f  enzyme produced by  
i n c r e a s i n g  s u b s t r a t e  c o n c e n t r a t io n s  were p l o t t e d  ( f i g s  1 8 - 2 3 ) .
The r a p id  r a t e s  o f  h y d r o l y s i s  o f  ONPG and c e l l o b i o s e  n o ted  
d u r in g  e a r l i e r  i n v e s t i g a t i o n s  were con firm ed  by th e  c o n s id e r a b le  
a f f i n i t y  o f  jB -g lu c o s id a s e  f o r  b oth  th e  n a tu r a l  and a r t i f i c i a l  
s u b s t i t u t e d  s u b s t r a t e s .  The c h o ic e  o f  ONPG i n  p la c e  o f  c e l l o b i o s e  
f o r  r o u t in e  e s t im a t io n s  o f  t h i s  enzyme was based i n i t i a l l y  on th e  
s i m p l i f i e d  a s s a y  procedure  in v o lv e d ,  and w h i le  th e  r e l a t i v e  
a f f i n i t y  o f  th e  enzyme f o r  t h i s  u n n a tu r a l  s u b s t r a t e  may be 
q u e s t i o n e d ,  th e  r e s u l t s  o b ta in e d  i n d i c a t e  c l o s e  s i m i l a r i t i e s  
i n  th e  c o n c e n t r a t io n s  o f  ONPG and c e l l o b i o s e  r e q u ir e d  to  produce
^Ofo s a t u r a t i o n  o f  i d e n t i c a l  sa m p les .  Thus th e  Km f o r  ^ - g l u c o s i d a s e
- 5  -5was c a l c u l a t e d  as  7 .5  z  10 m olar ONPG and 6 . 2 5  x  10 m olar
c e l l o b i o s e ,  d em o n str a t in g  t h a t  a l th o u g h  th e  enzyme had a s l i g h t l y  
g r e a t e r  a f f i n i t y  f o r  c e l l o b i o s e ,  th e  r o u t in e  u se  o f  ONPG had
F ig u r e  1 8 .
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A f f i n i t y  o f  CX”C e l l u l a s o  f o r  c o t t o n  f i b r e s .








i r e s u l t e d  i n  a c c u r a te  d e te r m in a t io n s  o f  tr u e  c e l l o b i a s e  
a c t i v i t y .  A lth ou gh  the  a f f i n i t y  o f  ^ - g l u c o s i d a s e  f o r  c e l l o t r i o s e  
and c e l l o t e t r a o s e  was a l s o  i n v e s t i g a t e d  by t h i s  t e c h n iq u e ,  
e s t im a t io n s  o f  a c t i v i t y  by red u c in g  s u g a r  a n a ly s e s  proved  
u n s u i t a b l e  i n  th e  c a s e  o f  t h e s e  s u b s t r a t e s  due to  th e  l i b e r a t i o n  
o f  c e l l o b i o s e  on w hich th e  enzyme was c o n s id e r a b ly  more a c t i v e .
The a p p a r e n t ly  g r e a t e r  a f f i n i t y  o f  ^ - g l u c o s i d a s e  f o r  c e l l o t e t r a o s e  
th a n  f o r  c e l l o t r i o s e  may c o n s e q u e n t ly  be due to  th e  r e l e a s e  o f  
two m o le c u le s  o f  c e l l o b i o s e  from each  c e l l o t e t r a o s e  m o lec u le  
a s  opposed to  one i n  th e  c a s e  o f  c e l l o t r i o s e .  B oth  s u b s t r a t e s  
were hov/ever r a p id ly  h y d r o ly se d  by ^ - g l u c o s i d a s e , c o n c e n t r a t io n s  
o f  c e l l o t r i o s e  and c e l l o t e t r a o s e  p ro d u c in g  50% s a t u r a t i o n  b e in g  
c a l c u l a t e d  as 1 7 .5  x  10~^ m olar and 9 , 0  % 10*"  ^ m olar r e s p e c t i v e l y .
S im i la r  i n v e s t i g a t i o n s  o f  CTJC-ase and C x - c e l l u l a s e  a c t i v i t i e s  
d em on stra ted  a c o n s id e r a b le  d e c r e a se  i n  a f f i n i t i e s  as th e  s t r u c ­
t u r a l  c o m p le x i ty  o f  th e  s u b s t r a t e s  i n c r e a s e d ,  u n t i l  th e  s i t u a t i o n  
was reached  where a s s a y a b le  q u a n t i t i e s  o f  C x - c e l l u l a s e  co u ld  
n o t  be s a t u r a t e d  w i th  c o t t o n  f i b r e s  b e fo r e  a d s o r p t io n  o f  th e  l i q u i d  
p h ase  o f  th e  in c u b a t io n  m ix tu r e s  o c c u r e d .  These r e s u l t s  are  
b e l i e v e d  to  i n d i c a t e  a l i m i t e d  number o f  a rea s  p r e s e n t  i n  n a t i v e  
c o t t o n  f i b r e s  w hich  are a c c e s s i b l e  or  s u s c e p t i b l e  to  a t t a c k .
As n o ted  p r e v i o u s l y  th e  l a c k  o f  s a t u r a t i o n  c o n d i t io n s  i n  in c u b a t io n  
m ix tu r e s  u sed  r o u t i n e l y  f o r  c e l l u l a s e  a s s a y s  was b e l i e v e d  to  be 
p a r t l y  r e s p o n s i b l e  f o r  th e  low a c t i v i t i e s  m easured . I n  c o n t r a s t  
t o  t h i s  g e n e r a l  r u l e ,  th e  a f f i n i t y  o f  C x - c e l l u l a s e  f o r  th e  i n s o l u b l e  
a c id  s w o l le n  c e l l u l o s e  s u b s t r a t e  was found to  be s i m i l a r  to  th a t  
f o r  CMC d e s p i t e  th e  v a s t l y  in c r e a s e d  a c c e s s i b i l i t y  o f  th e  s o l u b l e  
d e r i v a t i v e .
No s i g n i f i c a n t  v a r i a t i o n s  o f  a f f i n i t i e s  f o r  any o f  th e
F igure  2 4 .
V is c o m e tr ic  s t u d i e s  o f  i s o l a t e d  enzymes
a )  B - g lu c o s id a s e
® -  A u to c la v ed  c o n t r o l  
O -  I n h i b i t e d  by g lu e o n o la c to n e  
□ -  U n tr e a te d
b )  CMC-ase
# -  A u to c la v ed  c o n t r o l  
O -  I n h i b i t e d  by g lu e o n o la c to n e  
_ 0 -  U n tr e a te d
c )  C x - c e l l u l a s e
O -  A u to c la v e d  c o n t r o l  
O -  I n h i b i t e d  by g lu e o n o la c t  one 
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s u b s t r a t e s  i n v e s t i g a t e d  c o u ld  be shown to  e x i s t  betw een  enzyme 
components i s o l a t e d  from c u l t u r e  f i l t r a t e s  or  s o l u b i l i z e d  from  
c e l l  d e b r i s .
( 1 )  V is c o m e tr ic  s t u d i e s  o f  i s o l a t e d  enzymes
F u r th e r  in fo r m a t io n  on th e  mode o f  a t t a c k  o f  c e l l u l o s e  s u b s t r a t e s  
was o b ta in e d  as a r e s u l t  o f  v i s c o m e t r i c  s t u d i e s  u s in g  i s o l a t e d  
enzymic components ( f i g  24 ) •  W hile c h a r a c t e r i s t i c  a l l y  endoenzymic  
p a t t e r n s  o f  d e g r a d a t io n  o f  CKG were e x h i b i t e d  by CMC-ase and 
C x - c e l l u l a s e ,  th e  ^ - g l u c o s i d a s e  component was found to  be 
r e s p o n s i b l e  f o r  a s l i g h t  l i n e a r  d e c r e a s e  i n  v i s c o s i t y .  A lth ou gh  
th e  c o n c e n t r a t io n  o f  p - g l u c o s i d a s e  was s i m i l a r  to  th a t  n orm a lly  
p r e s e n t  i n  c u l t u r e  f i l t r a t e s ,  th e  e x t e n t  o f  t h i s  h y d r o l y s i s  was 
l e s s  than  t h a t  measured i n  crude f i l t r a t e s  h ea ted  f o r  10 min a t  
1 0 0 ° .  S im i la r  h e a t  trea tm en t  o f  th e  i s o l a t e d  ^ - g l u c o s i d a s e  component 
r e s u l t e d  i n  th e  d e s t r u c t i o n  o f  a c t i v i t y  o f  t h i s  p u r i f i e d  enzyme, 
and th e  a d d i t io n  o f  g lu c o n o la c t o n e  produced a lm ost com plete  
i n h i b i t i o n .  T h is  was i n  c o n t r a s t  t o  th e  a c t i v i t y  o f  h ea t  t r e a t e d  
f i l t r a t e s  w hich  was reduced  but n o t  c o m p le te ly  i n h i b i t e d  by 
g lu c o n o la c t o n e ,  d em o n str a t in g  th a t  t h i s  th e r m o sta b le  a c t i v i t y  
c o u ld  not be e x p la in e d  s o l e l y  i n  term s o f  r e s i d u a l  ^ - g l u c o s i d a s e .
The la c k  o f  i n h i b i t o r y  a c t i o n  o f  g lu c o n o la c t o n e  on b o th  th e  
CMC-ase and C x - c e l l u l a s e  components i n d i c a t e d  th a t  t r a c e s  o f  
e i t h e r  o f  t h e s e  enzymes c o u ld  c o n t r ib u t e  t o  th e  r e s i d u a l  a c t i v i t y ,
(m) S - f a c t o r  a c t i v i t y  and t e n s i l e  s t r e n g t h  d e te r m in a t io n s
A lth ou gh  th e  C x - c e l l u l a s e  component was found to  be r e s p o n s i b le
f o r  most o f  th e  S - f a c t o r  a c t i v i t y  and l o s s  o f  t e n s i l e  s t r e n g t h
o f  c o t t o n  f i b r e s  produced by c e l l - f r e e  e x t r a c t s ,  a s l i g h t  i n c r e a s e
i n  th e  u p take o f  a l k a l i  and a d e t e c t a b l e  r e d u c t io n  o f  s t r e n g t h
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S im i l a r  i n v e s t i g a t i o n s  in v o lv i n g  s o l u b i l i z e d  c e l l - b o u n d  enzymes 
a t  e q u iv a le n t  c o n c e n t r a t io n s  dem onstrated  no apparent v a r i a t i o n  
from th e  r e s u l t s  o b ta in e d  w i th  c e l l - f r e e  e x t r a c t s , ,  ( t a b l e s  6 &c 7 ) .  
(n )  X -ray d i f f r a c t i o n  s t u d i e s  ( p l a t e  6 ) .
X -ra y  d i f f r a c t i o n  p a t t e r n s  o f  th e  fo u r  ty p e s  o f  i n s o l u b l e  
c e l l u l o s i c  s u b s t r a t e s  u sed  i n  t h i s  i n v e s t i g a t i o n  ( c o t t o n  w o o l ,  
a c i d  s w o l l e n / b a l l  m i l l e d  c e l l u l o s e ,  d r ie d  and u n d r ied  c o t t o n  
b o l l  f i b r e s )  were i n i t i a l l y  b e l i e v e d  t o  i n d i c a t e  c o n s id e r a b le  
v a r i a t i o n s  i n  c r y s t a l l i n e  s t r u c t u r e  w hich  c o u ld  accou n t f o r  th e  
i n a b i l i t y  o f  C.acremonium c u l t u r e s  t o  c o m p le te ly  degrade d r ie d  
n a t i v e  c o t t o n  f i b r e s  w h i le  b e in g  ca p a b le  o f  r a p id ly  s o l u b i l i z i n g  
u n d r ied  b o l l  f i b r e s  and a c id  s w o l le n  c e l l u l o s e .  As a h ig h  d eg ree  
o f  c r y s t a l l i n i t y  i s  g e n e r a l l y  in d i c a t e d  i n  D eb y e -S ch errer  powder  
p a t t e r n s  by sharp r e s o l u t i o n  o f  component l i n e s ,  th e  d i f f u s e d  
h a lo s  obsei'ved i n  p a t t e r n s  produced by the  l a t t e r  e a s i l y  degraded  
s u b s t r a t e s  were b e l i e v e d  t o  i n d i c a t e  th e  p r e se n c e  o f  c o n s id e r a b le  
amounts o f  amorphous c e l l u l o s e .  S i m i l a r l y  th e  m a r g in a l ly  f i n e r  
r e s o l u t i o n  o f  l i n e s  i n  p a t t e r n s  produced by r e s i d u a l  sh o r t  f i b r e s  
was thought t o  s u g g e s t  a s l i g h t l y  g r e a t e r  d egree  o f  c r y s t a l l i n i t y  
th a n  th a t  o f  th e  o r i g i n a l  f ib r o u s  c o t t o n .  I t  sh ou ld  be n oted  
h e r e  th a t  some l o s s  o f  d e f i n i t i o n  h as occu rred  d u rin g  th e  r e p r o ­
d u c t io n  o f  t h e s e  p a t t e r n s  i n  t h i s  r e p o r t .
F u r th e r  i n v e s t i g a t i o n s  r e v e a le d  however th a t  c o n s id e r a b le  
v a r i a t i o n s  o f  l i n e  r e s o l u t i o n  and d e n s i t y  c o u ld  be produced by 
d i f f e r e n c e s  i n  th e  e x t e n t  t o  w hich  th e  sam ples were com pressed  
d u r in g  p a c k in g . In  a d d i t io n  th e  s u g g e s t i o n  made by P r e s to n  (1 9 5 2 )  
t h a t  w a ter  h a lo s  are  ca p a b le  o f  masking c e l l u l o s e  r e f l e c t i o n s  
was a l s o  i n v e s t i g a t e d  i n  v ie w  o f  th e  f a c t  th a t  b o th  th e  a c id  
s w o l le n  c e l l u l o s e  and u n d r ied  b o l l  f i b r e s  had b een  examined i n
P l a t e  6 .
X -ra y  d i f f r a c t i o n  p a t t e r n s .
a )  A c id  s w o l le n  b a l l - m i l l e d  
c e l l u l o s e  (a q u e o u s ) .
b.) U ndried  c o t t o n  b o l l  
f i b r e s  (a q u e o u s ) .
c )  N o n -a b so rb en t  c o t t o n  
w ool ( d r y ) .
d ) R e s id u a l  sh o r t  c o t t o n  
: f i b r e s  ( d r y ) .
7 7 .
aqueous p r e p a r a t io n s .  X -ray  d i f f r a c t i o n  p a t t e r n s  produced by 
Lindemann tu b es  c o n ta in in g  d i s t i l l e d  w a te r  confirm ed th a t  th e  
d i f f u s e d  h a lo s  ob served  i n  p a t t e r n s  o f  t h e s e  s u b s t r a t e s  were 
i n  f a c t  w a ter  h a l o s ,  and n o t  due to  amorphous r e g i o n s .
(o )  R e f r a c t iv e  in d ex  s t u d i e s  ( t a b l e  8 ) .
Changes i n  r e f r a c t i v e  in d ex  w hich accompany m o d i f i c a t io n s  o f  
c r y s t a l  l a t t i c e ,  o r i e n t a t i o n  or  ch em ica l n a tu re  o f  c e l l u l o s e  
m o le c u le s  have been  c la im ed  to  be o b se r v a b le  by im m ersion methods 
( R o l l i n s  & T r ip p ,  1 9 6 3 ) .  A c o l o u r l e s s  s o l i d  immersed i n  a l i q u i d  
o f  i d e n t i c a l  r e f r a c t i v e  in d e x  becomes i n v i s i b l e ,  and under th e s e  
c o n d i t io n s  a s m a ll  change i n  r e f r a c t i v e  i n d i c e s  p rod u ces  a b r ig h t  
(B eck e) l i n e  a t  th e  s o l i d / l i q u i d  i n t e r f a c e .  When s t u d ie d  m icro­
s c o p i c a l l y ,  th e  Becke l i n e  moves towards th e  medium o f  h ig h e r  
r e f r a c t i v e  in d ex  when th e  fo c u s  i s  r a i s e d  and v i c e - v e r s a . In  
v ie w  o f  th e  f a c t  th a t  t h e s e  w orkers ob served  a f a l l  i n  r e f r a c t i v e  
in d e x  when n a t i v e  c o t t o n  f i b r e s  were m e r c e r iz e d ,  and n o ted  a 
s i m i l a r  d e c r e a se  as th e  d egree  o f  s u b s t i t u t i o n  o f  m o d if ie d  
c e l l u l o s e s  in c r e a s e d  (b o th  o f  t h e s e  tr e a tm e n ts  in v o lv i n g  a  
d e c r e a se  i n  c r y s t a l l i n i t y ) ,  i t  was hoped th a t  t h i s  immersion  
method would p r o v id e  some in fo r m a t io n  on th e  r e l a t i v e  d eg ree s  
o f  c r y s t a l l i n i t y  o f  n a t iv e  c o t t o n  and s h o r t  r e s id u a l  f i b r e s .
The s l i g h t l y  h ig h e r  d egree  o f  c r y s t a l l i n i t y  o f  the r e s id u a l  
f i b r e s  in d ic a t e d  by th e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  was 
su pp orted  by th e  a d d i t io n a l  o b s e r v a t io n  th a t  w h i le  c o n s id e r a b le  
v a r i a t i o n s  i n  r e f r a c t i v e  in d e x  were n o te d  a t  v a r io u s  p o in t s  
a lo n g  a s i n g l e  c o t t o n  f i b r e ,  t h i s  was found to  be l e s s  apparent  
i n  th e  c a s e  o f  th e  r e s id u a l  s h o r t  f i b r e s ,  i n d i c a t i n g  a more 
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(p )  Paper chromâtoia;raphy o f  in c u b a t io n  m ix tu res  ( t a b l e  9 ) .
D e s p i t e  th e  i n a b i l i t y  o f  paper  chromatography to  r e s o l v e  p ro d u c ts  
o f  enzymic a t t a c k  p o s s e s s i n g  a DP g r e a t e r  than c e l l o t e t r a o s e  
(Rf 7 . 0 ) ,  some u s e f u l  in fo r m a t io n  on th e  p o s s i b l e  modes o f  a c t i o n  
o f  th e  enzymic components was o b ta in e d  as a r e s u l t  o f  th e s e  
q u a l i t a t i v e  s t u d i e s .
( i )  ^ - g l u o o s i d a s e . I n  a d d i t io n  to  c e l l o b i o s e ,  t h i s  enzyme 
a c t i v e l y  h y d r o ly s e d  c e l l o t r i o s e  and c e l l o t e t r a o s e  w h i le  e x h i b i t ­
in g  no d e t e c t a b l e  a c t io n  on any o f  th e  more complex c e l l u l o s e  
s u b s t r a t e s .
( i i )  CMC-ase. A lthough  c o m p le te ly  i n a c t i v e  on c e l l o b i o s e  
and c e l l o t r i o s e ,  CMC-ase a c t i o n  was shown to  o v e r la p  th a t  o f  
J B -g lu co s id a se  i n  the  c a s e  o f  c e l l o t e t r a o s e .  In  c o n t r a s t  however  
t o  th e  l i b e r a t i o n  o f  a l l  in t e r m e d ia t e s  by ^ - g l u c o s i d a s e , th e  
h y d r o l y s i s  o f  c e l l o t e t r a o s e  by CMC-ase r e s u l t e d  o n ly  i n  th e  
p r o d u c t io n  o f  c e l l o b i o s e ,  d em o n stra t in g  th e  a c t i o n  o f  th e  enzyme 
t o  be c o n f in e d  to  th e  c e n t r a l  bond o f  th e  t e tr a m e r .  The a b sen ce  
o f  g lu c o s e  i n  in c u b a t io n  m ix tu r e s  c o n t a in in g  CMC s i m i l a r l y  
con firm ed  th e  i n a b i l i t y  o f  CMC-ase to  a t t a c k  the  te r m in a l  
g l y c o s i d i c  bond a t  e i t h e r  th e  red u c in g  or  n o n -red u c in g  c h a in  
e n d s .
( i i i )  C x - c e l l u l a s e . Chromatographic a n a ly s e s  o f  in c u b a t io n  
m ix tu r e s  r e v e a le d  th e  wide range o f  s u b s t r a t e s  s u s c e p t i b l e  to  
a t t a c k  by t h i s  enzyme to  be even  more e x t e n s iv e  than  had i n i t i a l l y  
been  s u s p e c t e d ,  th e  o n ly  s u b s t r a t e  n o t  h y d ro ly sed  b e in g  c e l l o ­
b i o s e .  A lthough  th e  a c t io n  o f  C x - c e l l u l a s e  on c e l l o t r i o s e  and 
c e l l o t e t r a o s e  was l i m i t e d ,  th e  p a t t e r n  o f  h y d r o ly s i s  o f  th e  
te tr a m e r  was ob served  to  be s i g n i f i c a n t l y  d i f f e r e n t  from th a t  
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s s s s
7 9 .
i n d i c a t e d .  S i m i l a r l y ,  a l l  in t e r m e d ia t e s  in c lu d in g  g lu c o s e  
ca p a b le  o f  b e in g  r e s o lv e d  by paper chromatography were d e t e c t e d  
during  th e  d e g r a d a t io n  o f  CMC, a c id  s w o l le n  c e l l u l o s e  and 
c o t t o n ,  a lth o u g h  i n  e x tr e m e ly  sm a ll  q u a n t i t i e s  i n  th e  l a t t e r  
c a s e  •
(q ) Column chromatography o f  h y d r o l y s a t e s „ ( f i g . 2 5 ) .  
F r a c t io n a t io n s  o f  sam ples o f  CMC on Sephadex 0-25 b e fo r e  and 
a f t e r  exp osu re  to  C.acremonium c e l l u l o l y t i c  enzymes r e v e a le d  
a lm ost i d e n t i c a l  p a t t e r n s  o f  d e g r a d a t io n  produced by th e  CMC-ase 
and C x - c e l l u l a s e  com ponents. B oth  enzymes were r e s p o n s i b l e  f o r  
an e x t e n s i v e  g e n e r a l  r e d u c t io n  o f  DP, and e x h ib i t e d  no apparent  
p r e fe r e n c e  f o r  any s u b s t r a t e  m o le c u le  p o s s e s s i n g  a s p e c i f i c  DP. 
^ - g l u c o s i d a s e  produced no d e t e c t a b l e  change i n  th e  m o le c u la r  
w e ig h t  d i s t r i b u t i o n  o f  t h i s  s u b s t r a t e .  The mode o f  h y d r o l y s i s  
o f  CMC by CMC-ase and C x - c e l l u l a s e  was n o ted  t o  be s i m i l a r  to  
th e  r e s u l t s  o b ta in e d  by Bourne and P i e r c e  (1970 )  who i n v e s t i g a t e d  
th e  d e p o ly m e r iz a t io n  o f  jS -g lu can  by ^ - g l u c a n a s e .  T hese  w orkers  
f r a c t i o n a t e d  sam ples  o f  in c u b a t io n  m ix tu res  on B io g e l  P2 and 
P 100 , and ob served  t h a t  w h i le  th e  i n i t i a l  m o le c u la r  w e ig h t  
d i s t r i b u t i o n  o f  th e  ^ - g lu e a n  was 1 -2 0  x  10^, t h i s  was reduced  
t o  a maximum o f  1 0 0 ,0 0 0  w i t h in  3h a t  3 0 ° ,  and to  l e s s  than  5 ,0 0 0  
a f t e r  24h .
The d e g r a d a t io n  o f  a c id  s w o l le n  c e l l u l o s e  and n a t i v e  c o t t o n  
f i b r e s  by th e  C x - c e l l u l a s e  component was c h a r a c t e r iz e d  by an 
i n a b i l i t y  t o  d e t e c t  s o lu b le  h ig h  DP p r o d u c ts  o f  a t t a c k .  These  
o b s e r v a t io n s  s u g g e s te d  th a t  e i t h e r  th e  main h y d r o ly t i c  p r o d u c ts  
are  s h o r t  c h a in  o l i g o s a c c h a r i d e s ,  or  th a t  th e  h y d r o l y s i s  o f  any 
h ig h  DP s o lu b le  m o le c u le s  would be c o n s id e r a b ly  more r a p id  than  
t h e i r  r a t e  o f  r e l e a s e ,  r e n d e r in g  t h e i r  d e t e c t i o n  e x tr e m e ly
tF igure  2 5 .
Column chromatography o f  h y d r o ly s a t e s  on 
Sephadex G25»
a )  Q -  S o lu b le  f r a c t i o n  o f  CMC ( c o n t r o l ) .
b )  jP -g lu c o s id a se  ( c o n t r o l ) .













F ig u r e  25 ( c o n t j .
d ) Q -  S o lu b le  f r a c t i o n  o f  CMC ( c o n t r o l ) *
e )  CMC-ase ( c o n t r o l ) .
f )  A -  CMC p lu s  CMC-ase.
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F rac tio n
F ig u r e  25 ( c o n t ) .
) □ -  S o lu b le  f r a c t i o n  o f  CMC ( c o n t r o l ) .
h )  O -  C x - c e l l u l a s e  ( c o n t r o l )
















Pigjure 25 ( c o n t ) .
j ) O -  S u pern atan t  from c e n t r i f u g e d  a c id  sv /o llen
b a l l - m i l l e d  c e l l u l o s e  ( c o n t r o l ) .
k )  a -  C x - c e l l u l a s e  ( c o n t r o l ) .
1 )  A -  A cid  s w o l le n  b a l l - m i l l e d  c e l l u l o s e  p lu s
C x - c e l l u l a s e  ( s u p e r n a ta n t  from c e n t r i f u g e d  











p S  Garb
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Frac tio n
F ig u r e  2 5  ( c o n t ) .
m) O -  S upernatant from c e n t r i f u g e d  s u s p e n s io n  o f
c o t t o n  f i b r e s  ( c o n t r o l ) .
n )  □ -  C x - c e l l u l a s e  ( c o n t r o l ) .
o )  0 -  C otton  f i b r e s  p lu s  C x - c e l l u l a s e  ( s u p e r n a ta n t
from c e n t r i f u g e d  h y d r o l y s a t e ) .
1 2 0
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d i f f i c u l t .
( r )  S p e c i f i c  a c t i v i t i e s  ( t a b l e  1 0 ) .
A lth o u g h  th e  s p e c i f i c  a c t i v i t y  o f  an enzyme i s  u s u a l l y  d e f in e d  
a s  th e  a c t i v i t y  p e r  u n i t  w e ig h t  o f  enzyme p r o t e in  u n d er  s p e c i f i e d  
c o n d i t i o n s ,  th e r e  i s  no g e n e r a l  agreement about th e  b e s t  
d e f i n i t i o n  and th u s  th e  s p e c i f i c  a c t i v i t y  may be e x p r e s s e d  i n  
v a r i o u s  w ays. As a l l  enzymes are  p r o t e in s  i t  i s  common p r a c t i c e  
t o  r e l a t e  th e  a c t i v i t y  o f  an enzyme p r e p a r a t io n  s im p ly  to  th e  
amount o f  p r o t e i n  p r e s e n t .  T h is  may however be m is le a d in g ,  
p a r t i c u l a r l y  when e s t im a t io n s  o f  p r o t e i n  are based on methods  
su ch  as th e  P o l in - C i o c a l t e a u  (Lowry £ t  1951) due to  th e  f a c t  
t h a t  t h i s  method r e l i e s  on th e  p r e se n c e  o f  tryp top han e  and 
t y r o s i n e  i n  th e  p r o t e i n  and th a t  c o n s e q u e n t ly  wide v a r i a t i o n s  
w it h  d i f f e r e n t  p r o t e in s  may o c c u r .  In  t h i s  r e s p e c t  th e  b iu r e t  
method (Green & C o r i ,  1943) i s  p r e f e r a b le  as th e  r e a c t i o n  i s  
b a sed  on th e  p e p t id e  bonds w i t h i n  th e  p r o t e i n  m o le c u le .  T h is  
method was however found to  be i n s u f f i c i e n t l y  s e n s i t i v e  f o r  
d i l u t e  p u r i f i e d  p r e p a r a t io n s .  I n  v iew  o f  th e  f a c t  th a t  a l l  th r e e  
c e l l u l o l y t i c  components o f  C. acremonium were found to  be 
a s s o c i a t e d  w i t h  carb oh yd rate  a t  a l l  s t a g e s  o f  t h e i r  p u r i f i c a t i o n ,  
a f e a t u r e  common to  o th e r  c e l l u l o l y t i c  m ic r o -o r g a n ism s ( Jermyn,
1962; E r ik s so n  & P e t e r s s o n ,  1968; P e t e r s s o n  Sc E aker , 1968;  
N ork ran s ,  1967; S e lb y  Sc M a it la n d ,  1 9 6 ? ) ,  s p e c i f i c  a c t i v i t i e s  
w ere a l s o  c a l c u l a t e d  on th e  b a s i s  o f  t o t a l  o rg a n ic  m a t e r ia l  
a s  e s t im a te d  by th e  method o f  H a l l i w e l l  ( 1 9 6 5 ) .  I t  must be 
n o te d  th a t  as  b o th  methods may a l s o  ta k e  i n t o  accou n t th e  
p r e s e n c e  o f  any i n a c t i v a t e d  enzyme m o le c u le s  i t  i s  e s s e n t i a l  
t h a t  c a r e f u l  c a l c u l a t i o n  o f  th e  e x t e n t  o f  d é n a tu r a t io n  i s  made 





























































8 1  .
u n i t s  be c o r r e c t e d  by t h i s  f i g u r e  b e fo r e  b e in g  quoted as  th e  
s p e c i f i c  a c t i v i t y .
The r e s u l t s  o b ta in ed  in d ic a t e d  a v e r y  la r g e  co n ta m in a t io n  
o f  p r o t e i n  by carb oh yd ra te  m a t e r ia l  i n  a l l  c a s e s  o f  th e  ord er  
o f  a p p rox im ate ly  1 0 :1 .  W hile i t  was o r i g i n a l l y  hoped t o  p ro v id e  
q u a n t i t a t i v e  a s se ss m e n t  o f  th e  p u r i f i c a t i o n  a c h e iv e d  a t  v a r io u s  
s t a g e s  t h i s  d id  n o t  prove t o  be p o s s i b l e  i n  v iew  o f  th e  h ig h  
s p e c i f i c  a c t i v i t i e s  o f  th e  enzymes and th e  low c o n c e n t r a t io n s  
o f  p r o t e i n  i n v o l v e d .
8 2 .
DISCUSSION
The s tu d y  o f  m ic r o b ia l  c e l l u l a s e  sy s tem s  has now p r o g r e s s e d  
to  a s t a g e  where i n t e r e s t  c e n t r e s  on th e  type  o f  enzyme th a t  
must be s y n t h e s i z e d  by organ ism s ca p a b le  o f  d egrad in g  u n m odif ied  
n a t i v e  c e l l u l o s e .  In  1950 th e  e x i s t e n c e  o f  such  an enzyme, 0 1 ,  
was p o s t u la t e d  by R e e s e ,  S iu  and L e v in so n  who proposed  th a t  o n ly  
th o s e  organism s p o s s e s s in g  t h i s  enzyme sh ou ld  be c l a s s i f i e d  as  
c e l l u l o l y t i c . Organisms in c a p a b le  o f  a t t a c k in g  n a t i v e  c e l l u l o s e  
were c o n s e q u e n t ly  termed n o n - c e l l u l o l y t i c  d e s p i t e  any a b i l i t y  
o f  t h e s e  ty p e s  to  dS’grade m o d if ie d  c e l l u l o s i c  s u b s t r a t e s  by 
v i r t u e  o f  t h e i r  Cx enzyme com ponents.
D e s p i t e  w id esp rea d  a c c e p ta n c e  o f  th e  b a s ic  01 -Cx c o n c e p t ,  
th e  r e s u l t a n t  r i g i d  c l a s s i f i c a t i o n  o f  c e l l u l o l y t i c  m icr o -o rg a n ism s  
was s u b s e q u e n t ly  ig n o re d  by numerous r e s e a r c h e r s  (Basu & P a l ,  1956;  
N ork ran s, 1957a; 1957b; N is iz a w a  e t  a l , 1961; M i l l e r  8c B i r z g a l i s ,  
1962; P e t e r s s o n  & P o r a th ,  1963; Leatherw ood, 1965; Logan 8c S i e h r ,  
1 9 6 6 ; C arp en ter  8c B a r n e t t ,  1967; A hlgren  e t  a l , 1967; Berg e t  a l , 
1 9 6 8 ; Almin & E r ik s s o n ,  1968; D a v ie s  & M ad ac h i  an, 1969; P a t n i  8c 
R ege , 1 9 6 9 ) who c o n t in u e d  t o  apply  th e  terms c e l l u l a s e  and 
c e l l u l o l y t i c  c a s u a l l y  to  enzymes and organism s on the b a s i s  o f  
o b s e r v a t io n s  o f  CMC or  s w o l le n  c e l l u l o s e  d e g r a d a t io n .  S e v e r a l  
f a c t o r s  are b e l i e v e d  t o  have c o n tr ib u te d  to  such  a p p a r e n t ly  
u n j u s t i f i a b l e  u se  o f  t h i s  t e r m in o lo g y .  P r io r  to  1950 i t  was 
g e n e r a l l y  assumed th a t  th e  enzymes a t t a c k in g  m o d if ie d  o r  
s u b s t i t u t e d  s u b s t r a t e s  were a l s o  r e s p o n s ib le  f o r  the d i s s o l u t i o n  
o f  n a t iv e  c e l l u l o s e .  A lthough  R eese  and h i s  c o l l e a g u e s  c la im ed  
th a t  t h i s  was n o t  th e  c a s e ,  th e  v a l i d i t y  o f  th e  p o s t u l a t e d  a c t io n  
o f  Cl i n  r e l e a s i n g  s h o r t  p o ly a n h y d ro g lu co se  c h a in s  from n a t i v e
83.
c e l l u l o s e  has more r e c e n t l y  been s e r i o u s l y  q u e s t io n e d  as d e s c r ib e d  
e a r l i e r  i n  t h i s  r e p o r t .  There i s  now in c r e a s i n g  e v id e n c e  ( H a l l i w e l l  
& R ia z ,  1971) t h a t  th e  Cx components may i n  f a c t  be r e s p o n s i b l e  
f o r  th e  comminution o f  f ib r o u s  c o t t o n  as en v isa g e d  p r i o r  to  1950 ,  
th e  p rob ab le  a c t i o n  o f  Cl b e in g  to  in c r e a s e  th e  a c c e s s i b i l i t y  o f  
th e  f i b r e s  w ith o u t  prod u cin g  any s o l u b i l i z a t i o n .  Many w orkers i n  
t h i s  f i e l d  however u n d ou b ted ly  c o n f in e d  t h e i r  a t t e n t i o n s  to  
m o d if ie d  s u b s t r a t e s  p u r e ly  on th e  b a s i s  o f  th e  s i m p l i f i e d  e x p e r i ­
m en ta l p ro ced u res  in v o lv e d  and n ot as  a r e s u l t  o f  c a r e f u l  
c o n s id e r a t i o n  o f  t h e o r e t i c a l  and e x p e r im e n ta l  e v id e n c e .  The u se  
o f  an a c id  s w o l le n  c e l l u l o s e  s u b s t r a t e  i n  the i n i t i a l  s c r e e n in g  
o f  c u l t u r e s  o f  C e p h a lo sp o r ia  was c o n s e q u e n t ly  f e l t  t o  be a c c e p t ­
a b le  i f  the a b i l i t y  o f  th e  s e l e c t e d  organ ism s to  degrade n a t i v e  
c e l l u l o s e  was a l s o  s u b s e q u e n t ly  exam ined . Two o rg a n ism s ,  C . r e c i f e i  
and C.acremonium, c u l t u r e  co d es  C25 and C l23 r e s p e c t i v e l y  w hich  
were found to  a c t i v e l y  s o l u b i l i z e  t h i s  a c id  s w o l le n  s u b s t r a t e  
were f u r t h e r  i n v e s t i g a t e d  and shown to  produce e x t e n s i v e  though  
in c o m p le te  d e g r a d a t io n  o f  n a t i v e  c o t t o n  f i b r e s  i n  shake f l a s k  
c u l t u r e s .  A lthough  th e  e x i s t e n c e  o f  r e s i d u a l  s h o r t  f i b r e s  i n  
su ch  c u l t u r e s  was n oted  d u r in g  t h e s e  e a r l y  i n v e s t i g a t i o n s  th e  
s i g n i f i c a n c e  o f  t h i s  o b s e r v a t io n  was n o t  f u l l y  r e a l i z e d  a t  th a t  
t im e .  F u rth er  e a r l y  e v id e n c e  o f  d e g r a d a t io n  o f  u n m od if ied  c e l l u l o s e  
was p rov id ed  by o b s e r v a t io n s  o f  r a p id  l o s s  o f  t e n s i l e  s t r e n g t h  
o f  u n m ercer ized  c o t t o n  by v i a b l e  c u l t u r e s  u s in g  th e  app aratus  
shown i n  f i g u r e  27. A lthough  measurements o f  l o s s  o f  s t r e n g t h  
were found to  be i n s u f f i c i e n t l y  a c c u r a te  f o r  s c r e e n in g  c u l t u r e s  
( th e  o r i g i n a l  purpose o f  th e  a p p a r a tu s ) ,  b oth  C . r e c i f e i  and 
C.acremonium produced c le a v a g e  w i t h in  6 days in c u b a t io n  a t  2 5 ° .
In  v ie w  o f  th e  e x i s t e n c e  o f  a Cl component im p lie d  by t h e s e
F igure  2 7 *
A pparatus used  f o r  s c r e e n in g  c u l t u r e s  f o r  c e l l u l o l y t i c  
a c t i v i t y  by m easuring d e s t r u c t io n  o f  t e n s i l e  s t r e n g t h  
o f  c o t t o n  th r e a d .
a )  S u pp orting  beam.
b )  Double w ire  hook s e a le d  by epoxy r e s i n .
c )  Oxoid c a p .
d ) C otton  th r e a d .
e )  I n o c u la t io n  p o r t .
f )  M y c e l ia l  mat.
g )  S k in n e r ’ s  ( i 9 6 0 )  medium s o l i d i f i e d  w i t h  2.0% w /v  
a gar  but l a c k i n g  c e l l u l o s e  s u b s t r a t e .
h ) G la ss  anchor.

84.
o b s e r v a t i o n s ,  a d e t a i l e d  ex am in ation  o f  the c e l l u l a s e  sy stem  o f  
C. acremonium was i n i t i a t e d .
P r e l im in a r y  s t u d i e s  dem onstrated  th a t  i n  common w ith  most 
c e l l u l o l y t i c  f u n g i ,  grow th was s u s t a in e d  by a wide v a r i e t y  o f  
s u b s t r a t e s  w i th  th e  n o ta b le  e x c e p t io n  o f  CMC, In  s p i t e  o f  th e  
p oor  grow th o f  C.acremonium i n  c u l t u r e s  c o n ta in in g  t h i s  s u b s t r a t e ,  
c e l l u l o l y t i c  enzymes were d e t e c t e d  s u g g e s t in g  th a t  a lth o u g h  th e  
p r e p a r a t io n  o f  CMC used  was s u s c e p t i b l e  to  enzymic h y d r o l y s i s ,  
th e  s u b s t i t u t e d  s o lu b le  p r o d u c ts  r e l e a s e d  by t h i s  p r o c e s s  were 
n o t  u t i l i z e d  i n t r a c e l l u l a r l y , The im portance o f  d egree  o f  
s u b s t i t u t i o n  i n  r e s p e c t  to  th e  b io d e g r a d a b i l i t y  o f  CMC p r e p a r a t io n s  
h as  E ll ready been  d i s c u s s e d  i n  th e  r e s u l t s  s e c t i o n  o f  t h i s  r e p o r t .
U n t i l  c o m p a r a t iv e ly  r e c e n t l y ,  th e  s y n t h e s i s  o f  fu n g a l  
c e l l u l a s e s  was b e l i e v e d  to  be indu ced  o n ly  by c e l l u l o s e ,  s o l u b l e  
p - 1 ,4  g l u e ans o r  s h o r t  c h a in  o l i g o s a c c h a r id e s  (Mandels & R e e se ,  
1957; Mandels & R e e s e ,  1960; Van P a r i j s ,  1 9 6 1 ) .  I t  i s  now 
g e n e r a l l y  a c c e p te d  however th a t  u n l ik e  most enzymes f o r  w hich  
th e  in d u c e r s  are u s u a l l y  th e  s u b s t r a t e s ,  i n  p o ly s a c c h a r a s e  
fo r m a t io n  i t  i s  th e  s o l u b l e  p ro d u cts  o f  h y d r o ly s i s  w hich  are  
th e  tr u e  in d u c e r s .  Of th e  w ide p o s s i b l e  v a r i e t y  o f  h y d r o ly t i c  
p r o d u c ts  formed from c e l l u l o s e ,  c e l l o b i o s e  has been  regarded  
by many as th e  prim ary in d u c e r  o f  c e l l u l o l y t i c  enzymes (Mandels 
& R e e s e ,  I960; N ork rans, 1957a) a lth o u g h  i t s  r o l e  i n  t h i s  r e s p e c t  
i s  com plex . In  a d d i t io n  to  in d u c in g  s y n t h e s i s ,  c e l l o b i o s e  has  
b een  r e p o r te d  as a c t in g  as an i n h i b i t o r  o f  b oth  c e l l u l a s e  
fo r m a t io n  (Mandels & R e e s e ,  I960; Mandels & R e e se ,  1962; N ork ran s,  
1957a)  and a c t i o n  (R e e s e ,  G i l l i g a n  & N orkrans, 1952; N orkran s,  
1 9 5 7 a ) .  In  th e  c a s e  o f  th e  form er, c e l l o b i o s e  c o n c e n t r a t io n s  
o f  0.5% to  1.0% were found to  s t r o n g ly  r e p r e s s  c e l l u l a s e  fo rm a t io n
85 .
a lth o u g h  t h i s  e f f e c t  c o u ld  a l s o  be produced by o t h e r  r a p id ly  
m e ta b o l iz e d  carbon  so u r c e s  such  as g lu c o s e  o r  g l y c e r o l .  There  
i s  a l s o  e v id e n c e  th a t  t h e s e  same su g a rs  added a t  0*5% to  1,0% 
to  a c u l t u r e  p rodu cin g  c e l l u l a s e  on c e l l u l o s e  may i n a c t i v a t e  
th e  enzymes a lr e a d y  form ed, v /i th  th e  reap pearance  o f  a c t i v i t y  
a f t e r  consum ption  o f  th e  su g a r  (Mandels & R e e se ,  1 9 6 0 ) ,  T h is  
o b s e r v a t io n  c o u ld  be e x p la in e d  i n  term s o f  prod uct i n h i b i t i o n  
i n  th e  c a s e s  o f  c e l l o b i o s e  and g l u c o s e ,  but n o t  i n  th e  c a s e  o f  
g l y c e r o l .  In  c o n t r a s t  t o  t h e s e  r e s u l t s ,  c e l l o b i o s e  a t  a co n cen ­
t r a t i o n  o f  1,0$^ was found t o  be an e f f i c i e n t  in d u c e r  o f  Cx- 
c e l l u l a s e ,  CMC-ase and p a r t i c u l a r l y  p - g lu c o s id a s e  i n  c u l t u r e s  
o f  C.acremonium.
One o f  th e  most i n t r i g u i n g  problem s i n  c e l l u l a s e  r e s e a r c h  
i s  th e  p r o c e s s  by w hich an i n s o l u b l e  m acrom olecu lar s u b s t r a t e  
can  in d u ce  a fu ngus  to  s y n t h e s i z e  c e l l u l o l y t i c  enzym es. The most 
common e x p la n a t io n  im p l i e s  th a t  a d a p t iv e  or  in d u c ib l e  enzymes 
are  n o t  s y n t h e s i z e d  de novo on in d u c t io n ,  but are c o n s t a n t l y  
b e in g  produced i n  ex tre m e ly  sm a ll  q u a n t i t i e s ; -  to o  s m a ll  to  be 
d e t e c t e d  by c u r r e n t  a n a l y t i c a l  t e c h n iq u e s .  On c o n t a c t  w ith  th e  
s u b s t r a t e  t h e s e  few enzymes l i b e r a t e  m inute amounts o f  s o lu b le  
p r o d u c ts  v/hich can  e n t e r  th e  c e l l  and s t im u la t e  th e  organism  
t o  in c r e a s e  th e  r a t e  o f  enzyme s y n t h e s i s .  In  th e  c a s e  o f  
c e l l u l o l y t i c  enzym es, i f  c e l l o b i o s e  i s  th e  in d u c e r  th en  grow th  
o f  th e  organism  on t h i s  s u b s t r a t e  sh ou ld  g i v e  y i e l d s  o f  c e l l u l a s e  
com parable to  th o s e  o b ta in e d  w ith  c e l l u l o s i c  s u b s t r a t e s .  C ontrary  
t o  t h i s  h y p o t h e s i s ,  t i t r e s  o f  Cx enzymes were found to  be ev en ­
t u a l l y  g r e a t e r  i n  c u l t u r e s  o f  C.acremonium c o n t a in in g  c e l l u l o s e  
th a n  i n  th o se  c o n t a in in g  c e l l o b i o s e ,  and Mandels & R eese  ( i 9 6 0 )  
d em on strated  th a t  most common c e l l u l o l y t i c  fu n g i  in c lu d in g  T . v i r i d e
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y ie ld e d  on ly  t r a c e s  o f  c e l l u l a s e  when grown on the  d i s a c c h a r i d e .  
T h is  o b s e r v a t io n  v/as con firm ed  i n  th e  c a se  o f  c e l l o b io s e - g r o w n  
c u l t u r e s  o f  C.acremonium . By s u b s t i t u t i n g  c e l l o b i o s e  o c t a a c e t a t e  
how ever, Mandels & R eese  (1960)  o b ta in e d  enzyme t i t r e s  s i m i l a r  
t o  th o se  measured u s in g  c e l l u l o s e  and con clud ed  th a t  a s lo w  
g ra d u a l  r e l e a s e  o f  s m a ll  amounts o f  c e l l o b i o s e  was e s s e n t i a l  
f o r  i n d u c t io n ,  A s i m i l a r  e f f e c t  c o u ld  a l s o  be produced i n  T . v i r i d e  
by a g e n e r a l  r e d u c t io n  i n  m e ta b o l ic  r a te  by im posin g  c o n d i t i o n s  
o f  suboptimum tem peratu re  and a e r a t i o n  or  m in era l d e f i c i e n c y  e t c .
The m a jo r ity  o f  r e p o r t s  im p l i c a t in g  c e l l o b i o s e  as in d u c e r  
have however a p p a r e n t ly  d isr e g a r d e d  th e  f a c t  th a t  many m ic r o b ia l  
c e l l u l a s e  sy stem s c o n t a in  a j^ -g lu c o s id a s e  component, and th e  
p o s s i b l e  r o l e  o f  g lu c o s e  as an in d u c e r  has not u n t i l  r e c e n t l y  
been  a d e q u a te ly  i n v e s t i g a t e d .  G lucose  may be c o n s id e r e d  to  in vok e  
an in d u c e r - r e p r e s s o r  mechanism o f  r e g u l a t i o n  o f  enzyme s y n t h e s i s  
when added to  c e l l u l o s e  as i t  r e p r e s s e s  th e  in d u c t io n  o f  c e l l u l a s e  
u n l e s s  p r e s e n t  i n  m inute amounts (H orton & Keen, 1 9 6 6 ) .  These  
workers showed th a t  c e l l u l a s e  fo r m a t io n  i n  th e  p la n t  p a th ogen  
P y r e n o c h a e ta  t e r r e s t r i s  v/as r e p r e s s e d  to  th e  b a s a l  l e v e l  by 
5 X 10  ^ m olar g l u c o s e .  In  v iew  o f  th e  f a c t  th a t  g lu c o s e  c o n c ­
e n t r a t i o n s  i n  e x c e s s  o f  t h i s  f i g u r e  are n orm ally  p r e s e n t  i n  p la n t  
c e l l s ,  t h e s e  w orkers b e l i e v e d  c e l l u l a s e  a c t io n  to  be r e l a t i v e l y  
unim portan t i n  th e  prim ary a t t a c k ,  primary in v a s io n  b e in g  more 
a r e s u l t  o f  p o ly g a la c tu r o n a s e  a c t i v i t y .  In  the  p r e s e n c e  o f  
p - g l u c o s i d a s e  the p r o d u c t io n  o f  c e l l u l o l y t i c  enzymes would not  
be ex p ec te d  to  be r e p r e s s e d  as th e  m etab o lism  o f  the organ ism  
would be l i m i t e d  by th e  r e l a t i v e l y  s low  l i b e r a t i o n  o f  g l u c o s e  
from c e l l u l o s e .  Hulme and S tran k s  (1 9 7 0 ,  1971) i n v e s t i g a t e d  th e
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e f f e c t  o f  s u p p ly in g  la b o r a t o r y  c u l t u r e s  w i th  g lu c o s e  a t  a r a t e  
com parable w i th  i t s  r e l e a s e  from c e l l u l o s e ,  and ob serv ed  th a t  
p r o d u c t io n  o f  c e l l u l a s e  was c o n t r o l l e d  by th e  r a t e  o f  m etab o lism  
when r e g u la te d  by carb oh yd rate  u p ta k e .  In  a d d i t io n  t h e s e  w orkers  
n o te d  th a t  w h i le  c e l l u l o l y t i c  enzymes c o u ld  be d e t e c t e d  a t  a l l  
t im e s  during in c u b a t io n  o f  shake f l a s k  c u l t u r e s  o f  M.v e r r u e a r i a  
c o n t a in in g  g lu c o s e  as s o l e  carbon s o u r c e ,  a marked in c r e a s e  i n  
th e  t i t r e  o f  th e  enzymes was n o ted  as s u b s t r a t e  e x h a u s t io n  became 
im m inent. These o b s e r v a t io n s  compare c l o s e l y  w ith  t h o s e  made on 
C.acremonium a lth o u g h  r e l e a s e  o f  c e l l  bound enzymes may have  
c o n t r ib u t e d  to  t h i s  i n c r e a s e  as a r e s u l t  o f  c e l l  l y s i s  du ring  
th e  s e n e s c e n t  phase  o f  grow th  o f  t h i s  organ ism . Hulme and S tra n k s  
( 1 9 7 0 , 197 1 ) a l s o  d em onstrated  th a t  t h i s  phase o f  imminent g lu c o s e  
e x h a u s t io n  c o u ld  be s u s t a i n e d  by means o f  a sm a ll  s c a l e  ferm en t­
a t i o n  a p p a r a tu s ,  e n a b l in g  more c o n s ta n t  c o n d i t io n s  to  be main­
t a i n e d .  These s t u d i e s  c l e a r l y  e s t a b l i s h e d  th a t  o t h e r  carbon  
s o u r c e s  su ch  as  g l y c e r o l  and g l y c i n e  co u ld  r e p la c e  g lu c o s e  
w ith o u t  a f f e c t i n g  c e l l u l a s e  p r o d u c t io n ,  and th a t  a v a r i e t y  o f  
o th e r  p o ly s a c c h a r a s e s  were s y n t h e s i z e d  s im u lta n e o u s ly  w i th  
c e l l u l a s e  under  t h e s e  c o n d i t i o n s .  The l a t t e r  o b s e r v a t io n  i s  o f  
c o n s id e r a b le  im p ortance  i n  po lym erase  in d u c t io n  t h e o r i e s  w hich  
have n e v e r  a d e q u a te ly  e x p la in e d  how an organism  r e c o g n iz e s  th e  
polym er from w hich  th e  in d u c in g  s o l u b l e  p ro d u cts  are d e r i v e d .  
Hulme and 8 t r a n k s ’ work i n d i c a t e s  t h a t  no such  r e c o g n i t i o n  
a p p a r e n t ly  o c c u r s ;  th e  m ild  s t r e s s  c o n d i t io n s  produced by 
l i m i t e d  carb oh yd rate  su p p ly  in d u ce  th e  organism  to  in c r e a s e  th e  
r a t e  o f  r e p l i c a t i o n  o f  a l l  th e  ty p e s  o f  p o ly s a c c h a r a s e s  ca p a b le  
o f  b e in g  s y n th e s i z e d  by th a t  organ ism . T h is  th e o r y  would e x p la i n  
p r e v io u s  o b s e r v a t io n s  o f  x y la n a s e ,  mannanase and a r y l - ^ - g l u c o -
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s i d a s e  in d u c t io n  by c e l l u l o s e  (Mandels & R e e se ,  1962; E r ik s s o n  
& R zedow sk i,  1969) and a l s o  accou n t f o r  the  p ow erfu l c e l l u l a s e  
in d u c in g  a c t io n  o f  th e  s lo w ly  m e ta b o l iz a b le  sop h orose  ( p - 1 , 2 -  
g l u c o s i d e )  d e s c r ib e d  by Norkrans (1967 )  and o f  l a c t o s e  on T . v i r i d e  
(Mandels & Weber, 1 9 6 9 ) .
As n o ted  e a r l i e r ,  q u a l i t a t i v e  e x a m in a t io n s  had e s t a b l i s h e d  
C. acremonium to  be ca p a b le  o f  h y d r o ly s in g  n a t i v e  c e l l u l o s i c  
s u b s t r a t e s  w ith  th e  con seq u en t i m p l i c a t i o n  o f  Cl enzyme p r o d u c t io n  
by t h i s  organ ism . More d e t a i l e d  q u a n t i t a t i v e  s t u d i e s  o f  shake  
f l a s k  c u l t u r e s  d em onstrated  hov/ever th a t  o n ly  a p p ro x im a te ly  50% 
o f  su ch  n a t i v e  s u b s t r a t e s  were a p p a r e n t ly  s u s c e p t i b l e  to  a t t a c k  
by C.acremonium, and th e  su bseq u en t o b s e r v a t io n  th a t  th e  r e s i d u a l  
r e f r a c t o r y  sh o r t  f i b r e s  were r a p id ly  h y d r o ly se d  by c u l tu r e s *  o f  
T . v i r i d e  but n o t  by f r e s h  c u l t u r e s  o f  C.acremonium s e r i o u s l y  
q u e s t io n e d  th e  s y n t h e s i s  o f  a Cl component by th e  C ep halospor ium . 
B ecau se  th e  o r i g i n a l  purpose o f  t h i s  i n v e s t i g a t i o n  was to  e l u c i d a t e  
th e  c e l l u l a s e  sy stem  o f  a t r u l y  c e l l u l o l y t i c  m icro -organ ism  
w hich  had n o t  p r e v i o u s l y  been  examined and to  s tu d y  th e  mode o f  
a c t i o n  o f  the  Cl component, a d e c i s i o n  r e g a r d in g  th e  c o n t in u e d  
i n v e s t i g a t i o n  o f  C.acremonium became n e c e s s a r y  a t  t h i s  s t a g e .
The d e c i s i o n  to  c o n t in u e  w i t h  th e  i n v e s t i g a t i o n  was based  on the  
p r o p o s a l  th a t  any organism  ca p a b le  o f  p rod u cin g  su ch  e x t e n s i v e  
d e g r a d a t io n  o f  n a t i v e  c e l l u l o s e  w ith o u t  th e  a s s i s t a n c e  o f  a Cl 
component must p o s s e s s  a u n iq u e  c e l l u l a s e  enzyme s y s te m , o r  be 
i n  an in t e r m e d ia te  p o s i t i o n  betw een  th e  p r e v i o u s ly  r i g i d l y  
s e p a r a te d  groups o f  c e l l u l o l y t i c  ( p o s s e s s in g  C l ) and non -  
c e l l u l o l y t i c  ( la c k in g  C l)  o rg a n ism s .
The i s o l a t i o n  and p u r i f i c a t i o n  o f  th e  enzymic components o f  
C.acremonium c e l l u l a s e  sy stem  were o n ly  a c h ie v e d  by c a r e f u l  c o n t r o l
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o f  f r a c t i o n a t i o n  c o n d i t i o n s .  I n  c o n t r a s t  to  f r a c t i o n a t i o n s  o f  
e x t r a c t s  from F . s o l a n i  (Wood, 1971) on Sephadex G100 and from  
P o ly p o r 'u s  v e r s i c o l o r  ( P e t e r s s o n  £ t  a l , 1 9 6 3 ) ,  M.v e r r u e a r i a  
(S e lb y  & M a it la n d ,  1965) and a s p e c i e s  o f  A s p e r g i l l u s  (A hlgren  
e t  a l , 1 9 6 7 ) on Sephadex G75» a l l  C.acremonium components were  
e x c lu d e d  from t h e s e  g e l s  as a r e s u l t  o f  t h e i r  g r e a t e r  m o le c u la r  
d im e n s io n s .  In  t h i s  r e s p e c t  e x t r a c t s  o f  C.acremonium e x h ib i t e d  
some s i m i l a r i t i e s  to  th o se  o f  T . v i r i d e  (S e lb y  & M a it la n d ,  1967)  
and T .k o n i n g i i  (Wood, 1 9 6 8 ) ,  a lth o u g h  b oth  o f  t h e s e  organ ism s  
were c h a r a c t e r i z e d  by th e  s e p a r a t io n  o f  a secon d  low m o le c u la r  
w e ig h t  CMC-ase component on Sephadex G75 w hich  was a b se n t  from 
th e  C ephalosporium  e x t r a c t s .  Such a component was however  
dem on stra ted  i n  Cephalosporium  e x t r a c t s  d urin g  f r a c t i o n a t i o n  
on Sephadex G200. T h is  was c o n s e q u e n t ly  o f  i n t e r e s t  when i t  was 
n o te d  t h a t  t h i s  secon d  peak o f  CMC-ase was c l o s e l y  a s s o c i a t e d  
w it h  th e  C x - c e l l u l a s e  and c e l l u l a s e  a c t i v i t i e s  o f  th e  e x t r a c t .  
B ecau se  S e lb y  and M aitlan d  and Wood o n ly  made u s e  o f  CMC to  
e s t im a t e  Cx enzyme a c t i v i t i e s ,  no in fo r m a t io n  i s  a v a i l a b l e  as  
to  w h e th e r  t h e i r  low molecular* w e ig h t  CMC-ase components p o s s e s s e d  
any a c t i v i t y  tow ards o th e r  m o d if ie d  s u b s t r a t e s .  The apparen t  
l a c k  o f  f o r e s i g h t  o f  t h e s e  w orkers i n  f a i l i n g  to  s c r e e n  t h e i r  
f r a c t i o n s  a g a in s t  an a c c e s s i b l e  i n s o l u b l e  c e l l u l o s e  p r e p a r a t io n  
i n  a d d i t io n  to  CMC i s  s u r p r iz in g  as i t  i s  w e l l  known t h a t  th e  
u s e  o f  CMC a lon e  can le a d  t o  th e  o m is s io n  d u r in g  f r a c t i o n a t i o n  
s t u d i e s  o f  im p ortant components o f  th e  c e l l u l a s e  com p lex .  As 
e a r l y  as  1954 G i l l i g a n  & R eese  d e s c r ib e d  an enzyme from M.v e r r u e a r i a  
w h ich  was o n ly  s l i g h t l y  a c t i v e  tow ards CMC but w hich  was c a p a b le  
o f  r a p id ly  h y d r o ly s in g  W alseth  c e l l u l o s e .  C o n v e rse ly  Wood (1 9 6 9 )  
has r e p o r te d  th a t  c e r t a i n  fu n g a l  p r e p a r a t io n s  r i c h  i n  CMC-ase
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a c t i v i t y  were i n a c t i v e  on W alseth  c e l l u l o s e ,  and i t  i s  i n t e r e s t ­
in g  to  n o te  th a t  t h i s  w orker has more r e c e n t l y  in c lu d e d  b o th  
t y p e s  o f  s u b s t r a t e  i n  f r a c t i o n a t i o n  s t u d i e s  o f  P .  s o l a n i  (Y/ood, 
1 9 7 1 ) .  A lthough  i t  i s  th u s  n o t  p o s s i b l e  as y e t  t o  im p l i c a t e  the  
lov/ m o le c u la r  w e ig h t  CMC-ase components o f  T . v i r i d e  and T .k o n in s i i i  
w i t h  any o t h e r  Cx f u n c t i o n ,  th e  a c t io n  o f  th e s e  enzymes tow ards  
n a t i v e  c e l l u l o s e  i s  known. W hile th e  T . v i r i d e  component was shown 
t o  be i n a c t i v e  a g a in s t  c o t t o n  f i b r e s ,  Wood e s t a b l i s h e d  the  
T .k o n in g i i  component to  be ca p a b le  o f  p roducing  s l i g h t  s o l u b i l i z ­
a t i o n  o f  c o t t o n  and to  make an a p p r e c ia b le  c o n t r ib u t io n  to  th e  
t o t a l  S - f a c t o r  a c t i v i t y  o f  u n f r a c t io n a t e d  e x t r a c t s .  B oth  components  
were however s i m i l a r  i n  t h a t  n e i t h e r  appeared to  be e s s e n t i a l  
enzymes o f  th e  c e l l u l a s e  sy ste m s  o f  t h e s e  o rg a n ism s . The s i t u a t i o n  
i n  C.acremonium e x t r a c t s  was however m arkedly d i f f e r e n t ,  th e  low  
m o le c u la r  w e ig h t  CMC-ase component i n  t h i s  c a s e  b e in g  shown to  
be c l o s e l y  a s s o c i a t e d  w i t h  th e  t o t a l  C x - c e l l u l a s e  and c e l l u l a s e  
a c t i v i t i e s  o f  th e  e x t r a c t .  Subsequent f r a c t i o n a t i o n s  were c o n s e ­
q u e n t ly  d i r e c t e d  p r im a r i ly  towards th e  f u r t h e r  r e s o l u t i o n  o f  
t h e s e  a c t i v i t i e s .
A lth ou gh  S e lb y  & M aitlan d  (1967)  and V/ood (1 9 6 8 )  e s t a b l i s h e d  
t h a t  th e  Cl components o f  T . v i r i d e  and T .k o n in g i i  were s t r o n g ly  
adsorbed  on DEAE-Sephadex w h i le  th e  b u lk  o f  th e  Cx-enzymes were  
r a p i d l y  e l u t e d ,  t h i s  io n  exchange m a t e r ia l  was u n f o r t u n a t e l y  
u n a v a i la b le  d u r in g  th e  e a r l y  s t a g e s  o f  C. acremonium f r a c t i o n a t i o n s  
t o  e s t a b l i s h  th e  p r e s e n c e  o f  a Cl enzyme. When however DEAE- 
Sephadex became a v a i l a b l e  a t  a l a t e r  d a t e .  Cl a c t i v i t y  c o u ld  n ot  
be dem onstrated  i n  th e  C ephalosporium  sy s te m , and chromatography  
on DEAE-Sephadex d id  n o t  a c h ie v e  a s e p a r a t io n  o f  c e l l u l a s e ,  Cx- 
c e l l u l a s e  and low  m o le c u la r  w e ig h t  CMC-ase com ponents. In  a d d i t io n
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t o  t h i s  chrom atographic  e v id e n c e ,  r e s u l t s  o f  o th e r  a n a l y t i c a l
work p o in te d  to  th e  f a c t  th a t  a s i n g l e  enzyme s p e c i e s  was
r e s p o n s i b l e  f o r  a l l  t h e s e  a c t i v i t i e s  i n  C.acremonium e x t r a c t s .
T h is  e v id e n c e  may be summarised b r i e f l y  as:
a )  Samples o f  f i l t r a t e s  from shake f l a s k  c u l t u r e s  w hich c o n ta in e d  
CMC-ase and C x - c e l l u l a s e  but w hich  were a p p a r e n t ly  d e v o id  o f  
c e l l u l a s e  co u ld  be shown to  be a c t i v e  a g a in s t  c o t t o n  f i b r e s  
a f t e r  b e in g  c o n c e n tr a te d  1 0 - f o l d  by f r e e z e  d r y in g .
b ) No f u r t h e r  r e s o l u t i o n  o f  th e s e  a c t i v i t i e s  was a c h ie v e d  on 
Sephadex G200 when th e  K15/90 and K25/100 chromatography  
columns were co n n ec ted  i n  s e r i e s  by means o f  a f lo w  ad ap tor  
d e s p i t e  an e f f e c t i v e  d o u b lin g  o f  bed h e ig h t  by t h i s  m o d i f i c ­
a t i o n .
c )  P u r i f i e d  sam ples  c o n t a in in g  t h e s e  a c t i v i t i e s  e x h ib i t e d  an 
approxim ate r a t i o  o f  low  m o le c u la r  w e ig h t  CMC-ase : C x - c e l l u l a s e  
: c e l l u l a s e  o f  2 . 5 : 3 : 1 .  T h is  r a t i o  remained e s s e n t i a l l y  
unchanged th rou gh out su b seq u en t f r a c t i o n a t i o n  and d é n a tu r a t io n  
s t u d i e s .
d) A l l  th r e e  a c t i v i t i e s  e x h ib i t e d  s i m i l a r  tem perature and pH 
p r o f i l e s .
e )  D é n a tu r a t io n  r a t e s  o f  C x - c e l l u l a s e  and c e l l u l a s e  i n  crude  
f i l t r a t e s  s to r e d  a t  4°  and r e c o v e r i e s  o f  t h e s e  a c t i v i t i e s  
a f t e r  f r a c t i o n a t i o n  were found t o  be s i m i l a r .
f )  A l l  th r e e  a c t i v i t i e s  were a s s o c i a t e d  w ith  a s i n g l e  peak  
f o l l o w i n g  p r e p a r a t iv e  d is c o n t in u o u s  g e l  e l e c t r o p h o r e s i s ,  
t h i s  peak b e in g  s u b s e q u e n t ly  shown to  m igrate  as  a s i n g l e  
p r o t e in  band v/hen r e f r a c t i o n a t e d  on sm all  s c a l e  d i s c  e l e c t r o ­
p h o r e s i s  g e l s  a t  pH 9 . 5 .  A lthough  f u r t h e r  a t te m p ts  were made 
to  d em on stra te  hom ogen eity  by g e l  e l e c t r o p h o r e s i s  a t  a v a r i e t y
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o f  g e l  pH v a l u e s ,  p o ly m e r iz a t io n  problem s were en co u n tered  
w hich  p r ev en ted  such  s t u d i e s  b e in g  u n d erta k en . In  v ie w  o f  
th e  p ow erfu l r e s o l u t i o n  o f  d is c o n t in u o u s  e l e c t r o p h o r e s i s  
how ever, th e  m ig r a t io n  o f  th e  low  m o le c u la r  w e ig h t  CMC-ase, 
C x - c e l l u l a s e  and c e l l u l a s e  a c t i v i t i e s  as a s i n g l e  p r o t e in  
band a t pH 9 .5  was b e l i e v e d  t o  be h i g h l y  i n d i c a t i v e  o f  a 
s i n g l e  enzyme s p e c i e s .
These r e s u l t s  s t r o n g l y  s u g g e s te d  th a t  th e  c e l l - f r e e  c e l l u l a s e  
sy stem  o f  C.acremonium c o n s i s t e d  o f  t h r e e  in d i v i d u a l  com ponents;  
an e x tr e m e ly  l i ig h  m o le c u la r  w e ig h t  ^ - g l u c o s i d a s e , a CMC-ase and 
a lo w e r  m o le c u la r  w e ig h t  enzyme e x h i b i t i n g  l i t t l e  s u b s t r a t e  
s p e c i f i c i t y ,  b e in g  cap ab le  o f  producing  e x t e n s iv e  d e g r a d a t io n  
o f  CMC and a c id  s w o l le n  c e l l u l o s e  and more l i m i t e d  s o l u b i l i z a t i o n  
o f  n a t i v e  c o t t o n  f i b r e s .  The term C x - c e l l u l a s e  was c o n s e q u e n t ly  
r e t a i n e d  f o r  t h i s  component.
C oncurrent ex a m in a t io n s  and f r a c t i o n a t i o n s  o f  s o l u b i l i z e d  
c e l l - b o u n d  c e l l u l o l y t i c  enzymes r e v e a le d  th e  p r e se n c e  o f  th r e e  
components p o s s e s s i n g  s i m i l a r  f e a t u r e s  t o  th o se  i s o l a t e d  from  
c e l l - f r e e  e x t r a c t s .  Numerous i n v e s t i g a t i o n s  have been  c a r r i e d  
out i n t o  methods f o r  s o l u b i l i z i n g  p r o t e i n s  bound to  c e l l u l a r  
s t r u c t u r e s  (Schneiderm an, 1965; M i t c h e l l  & Hanahan, 1 9 6 6 ) ,  c e l l  
bound p r o t e o l y t i c  enzymes (Norberg & H o f s t e n ,  1969) and o th e r  
d ep o ly m era ses  in c l u d i n g  c e l l u l a s e  (Barash  e t  a l . 1969; P o r t e r ,
1970; Yamane e t  a l . 1970a, 1 9 7 0 b ) ,  th e  tr e a tm e n ts  r e q u ir e d  f o r  
e f f e c t i v e  s o l u b i l i z a t i o n  ra n g in g  i n  i n t e n s i t y  from c o n t a c t  w i t h  
b u f f e r  a t  4° (B arash  e t  a l , 1969) t o  th e  u s e  o f  h ig h  c o n c e n t r a t i o n s  
o f  u r e a  and m ere a p to e th a n o l (Schneiderm an, 1965) or  s o n i c a t i o n  
(Yamane e t  a l , 1 9 7 0 ) .  As a r e s u l t  o f  k i n e t i c  s t u d i e s  on c e l l - b o u n d  
and c e l l - f r e e  a s c o r b a te  o x id a s e  p r e p a r a t io n s .  H allaw ay e t  a l
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(1 9 7 0 )  con c lu d ed  th a t  th e r e  were th r e e  p o s s i b l e  e x p la n a t io n s  
f o r  th e  e x i s t e n c e  o f  i d e n t i c a l  enzymes in  both  c e l l -b o u n d  and 
c e l l - f r e e  e x t r a c t s  o f  an organ ism . Thus the enzyme may be 
norm ally  p r e s e n t  on b o th  s i t e s ,  or  i t  may be n orm a lly  c e l l -  
bound and i s  r e l e a s e d  du ring  th e  p r e p a r a t io n  o f  c e l l - f r e e  
e x t r a c t s ,  or  i t  may be norm ally  c e l l - f r e e  and i s  absorbed on 
to  c e l l u l a r  m a t e r ia l  during  e x t r a c t  p r e p a r a t io n .  Hallaw ay and 
h er  co -w o rk ers  p o in te d  out th a t  th e  l a t t e r  c a s e  would be u n l i k e l y  
t o  be o p e r a t in g  i f  th e  bound enzymes su b s e q u e n t ly  r e q u ir e d  h arsh  
trea tm en t  f o r  t h e i r  r e - r e l e a s e , and i t  i s  i n t e r e s t i n g  to  n o te  
t h a t  c e l l - b o u n d  c e l l u l a s e  components o f  C.acremonium c o u ld  be 
r e a d i l y  s o l u b i l i z e d  by e x tre m e ly  m ild  t r e a tm e n ts .  A lthough  
b in d in g  o f  an enzyme o f t e n  r e s u l t s  i n  a r e d u c t io n  o f  a c t i v i t y  
(S ilm an  & K a t c h a l s k i ,  1966) i t  i s  r e a so n a b le  t o  assume th a t  such  
b in d in g  would be l e a s t  i n h i b i t o r y  to  an enzyme whose s u b s t r a t e  
i s  a s o l u b l e  sm a ll  m o le c u le .  In  th e  c a s e  o f  a depolym erase  
a c t in g  on an i n s o l u b l e  s u b s t r a t e  how ever, the  l o s s  o f  m o b i l i t y  
r e s u l t i n g  from b in d in g  might be e x p e c te d  to  p la c e  s e v e r e  r e s t r i c t ­
io n s  on enzyme a c t i v i t y  w i th  th e  p o s s i b l e  e x c e p t io n  o f  enzymes 
bound to  th e  e x t e r n a l  s u r f a c e s  o f  fu n g a l  hyphae. In  t h i s  c a se  
i t  i s  p o s s i b l e  to  e n v is a g e  th e  t r a n s p o r t a t io n  o f  th e  depolym erase  
by hyphal p e n e t r a t io n  i n t o  s u b s t r a t e  i n t e r s t i c e s  w hich  m ight be 
i n a c c e s s i b l e  t o  s o l u b l e  enzymes c a p a b le  on ly  o f  d i f f u s i o n  (H ubert,  
1924; B a i l e y  & V e s t a l ,  1937; N ork ran s, 1957; Duncan, I 9 6 0 ) .  I t  
would th u s  be p o s s i b l e  on th e  b a s i s  o f  t h i s  th e o r y  to  p r e d i c t  
t h a t  th e  g r e a t e s t  in c r e a s e  i n  a c t i v i t y  o f  c e l l -b o u n d  C.acremonium  
c e l l u l a s e  components would be e x h ib i t e d  by th e  C x - c e l l u l a s e  on 
s o l u b i l i z a t i o n  and th e  s m a l l e s t  in c r e a s e  by p - g l u c o s i d a s e ; 
p r e d i c t i o n s  w hich  as n o ted  e a r l i e r  were confirm ed  e x p e r im e n t a l ly .
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F u r th e r  e v id e n c e  to  su p p ort t h i s  th e o r y  i s  p ro v id ed  by th e  
o b s e r v a t io n  th a t  c e l l - b o u n d  c e l l u l a s e  a c t i v i t y  w hich  was 
a p p a r e n t ly  due to  C x - c e l l u l a s e  a c t i o n  was o n ly  d e t e c t e d  a f t e r  
s o l u b i l i z a t i o n  t r e a tm e n ts  were a p p l ie d  to  c e l l  fra g m en ts .
A lth ou gh  t h e s e  r e s u l t s  do n o t  i n d i c a t e  w hich  o f  th e  mech­
anism s o f  enzyme b in d in g  proposed  by Hallaway e t  a l  (1 9 7 0 )  may 
be o p e r a t in g  i n  C .acremonium, i t  i s  p o s s i b l e  to  t h e o r i z e  about  
th e  p u r p o se ,  i f  any, o f  su ch  com ponents. The s p e c i a l i z e d  example  
o f  hyphal-bound d ep o ly m era ses  has a lr e a d y  been  n o te d ,  but a more 
f r e q u e n t ly  en cou n tered  s i t u a t i o n  i s  th a t  i n  w hich  m ulti-en zym e  
sy s te m s  are s t r u c t u r a l l y  o rg a n iz ed  to  in c r e a s e  th e  o v e r a l l  r a t e  
o f  r e a c t i o n .  A lthough  th e  l o s s  o f  enzyme m o b i l i t y  due to  b in d in g  
m ight i n i t i a l l y  be c o n s id e r e d  t o  g i v e  r i s e  t o  a r e d u c t io n  o f  
r e a c t i o n  r a t e ,  the  reduced  d i s t a n c e  betw een enzyme m o le c u le s  
r e s u l t s  i n  the  t r a n s i t  t im e o f  r e a c t i n g  m o le c u le s  b e in g  g r e a t l y  
d im in ish e d  l e a d in g  to  a h ig h e r  e f f i c i e n c y .  T h is  o r g a n iz a t io n  may 
be d ev e lo p e d  to  such  an e x t e n t  th a t  to p o g r a p h ic a l  arrangement  
may occu r  (D ixon & Webb, I 9 6 0 ) ,  im p osing  a f u r t h e r  c o n t r o l  on 
th e  r e a c t i o n .  A lth ou gh  t h i s  o r g a n iz a t i o n  i s  u s u a l l y  a s s o c i a t e d  
w it h  com plex enzyme sy stem s  in v o lv e d  i n  o x i d a t i v e  m eta b o lism ,  
and p a r t i c u l a r l y  i n  th e  c a s e  o f  m ito ch o n d r ia  and c h l o r o p l a s t s , 
a  m u lt ie n z y m ic  depolym erase sy stem  c o u ld  t h e o r e t i c a l l y  b e n e f i t  
from su ch  a s p a t i a l  arrangement by v i r t u e  o f  th e  lov/ t r a n s i t  
t im e s  in v o lv e d  and th e  la c k  o f  p o s s i b i l i t y  o f  p rodu ct e s c a p e .
A r e l a t i v e l y  low r e a c t i o n  r a t e  may be ex p e c te d  i n  s o lu b le  enzyme 
sy s te m s  i n v o lv i n g  h ig h  m o le c u la r  w e ig h t  i n t e r m e d i a t e s ,  th e  
s i t u a t i o n  e x i s t i n g  i n  most d epolym erase sy stem s  and p a r t i c u l a r l y  
i n  th e  c a s e  o f  c e l l u l a s e  enzym es.
As n o te d  e a r l i e r ,  C.acremonium i s  a p p a r e n t ly  un ique i n
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b e in g  c a p a b le  o f  prod u cin g  e x t e n s i v e  d e g r a d a t io n  o f  n a t i v e  
c e l l u l o s e  v /ithou t the  a id  o f  a Cl component, and i t  i s  p o s s i b l e  
to  c o n j e c t u r e  th a t  t h i s  a c t i v i t y  may be due to  some s p e c i f i c  
o r g a n iz a t i o n  o f  Cx components on th e  e x t e r n a l  m y c e l ia l  s u r f a c e s  
o f  t h i s  organ ism . In  o rd er  to  e l u c i d a t e  w hether  any such  o r i e n ­
t a t i o n  o f  enzyme s i t e s  e x i s t s ,  h ig h ly  s p e c i f i c  l a b e l l i n g  t e c h ­
n iq u e s  would p rob ab ly  be r e q u ir e d .  Most te c h n iq u e s  based  on 
enzyme s p e c i f i c i t y  and th e  l a b e l l i n g  o f  r e l e a s e d  p ro d u cts  are  
u n l i k e l y  t o  be s u f f i c i e n t l y  s p e c i f i c  i n  the c a s e  o f  th e  C.acremonium  
c e l l u l a s e  complex due to  th e  o v e r la p p in g  a c t i o n  o f  th e  component 
enzym es. In  t h i s  c a s e  an i n t e r e s t i n g  l i n e  o f  r e s e a r c h  c o u ld  be 
the  developm ent and s tu d y  o f  l a b e l l e d  a n t ib o d y -a n t ig e n  r e a c t i o n s  
co u p led  w i t h  d e t a i l e d  e l e c t r o n  m icroscop e  s t u d i e s  s i m i l a r  to  
th o se  r e c e n t l y  c a r r ie d  out by Smirnova e t  a l  (19 7 1 )  on b a c t e r i a l  
exo-enzym es and t o x i n s .
A lth ou gh  th e  d e g r a d a t io n  o f  n a t i v e  c e l l u l o s e  by C.acremonium  
i s  e x t e n s i v e  f o r  an organ ism  p o s s e s s i n g  o n ly  a Cx enzyme s y s te m ,  
th e  component enzymes form ing th a t  sy stem  v/ere found to  be s i m i l a r  
i n  many r e s p e c t s  to  o t h e r  m ic r o b ia l  c e l l u l o l y t i c  enzym es. Thus 
th e  optimum c o n d i t io n s  o f  pH and tem perature  corresp on d  c l o s e l y  
t o  th o se  p r e v i o u s ly  n o ted  f o r  P . s o l a n i  (V/ood, 1 9 6 9 ) ,  T .k o n in g i i  
(Wood, 1 9 6 8 ) ,  M.v e r r u e a r i a  ( H a l l i w e l l ,  19 6 4 ) ,  Chrysosporum  
l ign oru m  (E r ik s so n  £ R zed ow sk i, 1 9 6 9 ) ,  C o l ly b ia  v e l l u t i p e s  
(N orkrans, 1957) and T . v i r i d e  (S e lb y  & M a it la n d ,  1 9 6 7 ) ,  a l th o u g h  
th e  C.acremonium components were g e n e r a l l y  a c t i v e  o v er  a w id er  
pH range than  f o r  most o f  t h e s e  o rg a n ism s .  A c h a r a c t e r i s t i c  
f e a t u r e  o f  fu n g a l  c e l l u l a s e  sy stem s  would seem to  be th e  much 
h ig h e r  tem perature  ( 3 7 ° - 4 5 ° )  r e q u ir e d  f o r  optimum enzyme a c t i v i t y  
th an  f o r  optimum grow th  o f  the  organism  ( 2 5 ° - 3 0 ° ) , i n d i c a t i n g
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th a t  c e l l u l a s e  enzymes g e n e r a l l y  p o s s e s s  g r e a t e r  t h e r m o s t a b i l i t y  
th a n  some o t h e r  m e t a b o l i c a l l y  e s s e n t i a l  enzyme( s ) .  T h is  was 
e x e m p l i f i e d  by th e  extrem e t h e r m o s t a b i l i t y  o f  th e  C.acremonium  
p - g l u c o s i d a s e  component w hich  was a l s o  the l a r g e s t  m o lec u le  o f  
th e  c e l l u l a s e  complex and might th u s  be thought to  be th e  most 
s u s c e p t i b l e  t o  d é n a tu r a t io n  by d i s r u p t io n  o f  th e  t e r t i a r y  s t r u c t u r e  
o f  th e  m o le c u le .  W hile t h i s  i s  b e l i e v e d  to  i n d i c a t e  a h ig h  d egree  
o f  c r o s s  l i n k a g e  betw een  th e  f o ld e d  p r o t e in  c h a in s  o f  th e  
p - g l u c o s i d a s e  m o le c u le ,  th e  n a tu re  o f  th e  l i n k a g e s  in v o lv e d  i s  
as y e t  unknown.
S in c e  i t  i s  w e l l  known (D ixon & Webb, 1960) th a t  th e  t e r t i a r y  
s t r u c t u r e  o f  p r o t e i n s  and t h e i r  enzyme a c t i v i t y  are r e l a t e d ,  i t  
may w e l l  be th a t  c o m b in a t io n  o f  enzymes w ith  t h e i r  l a r g e  m o lec ­
u l a r  w e ig h t  s u b s t r a t e s  as i n  th e  c a s e  o f  c e l l u l a s e s  may c o n t r ib u t e  
to  th e  apparent t h e r m o s t a b i l i t y  o f  t h e s e  enzymes. In  t h i s  v/ork 
a l l  C.acremonium components were found to  be a s s o c ia t e d  w i t h  
a p p r e c ia b le  q u a n t i t i e s  o f  carb oh yd rate  which were not removed by 
any o f  th e  f r a c t i o n a t i o n  t e c h n iq u e s  u t i l i z e d .  T h is  a g a in  appears  
to  be a common c h a r a c t e r i s t i c  f e a t u r e  o f  Cx enzymes as N orkrans  
( 1 9 6 7 ) n o te d r th a t  no c o m p le te ly  c a r b o h y d r a te - fr e e  Cx enzyme had 
b een  i s o l a t e d  up to  th a t  t im e .  The a s s o c i a t i o n  o f  carb oh yd rate  
w it h  p u r i f i e d  enzymes d oes  n ot seem to  be l i m i t e d  to  th e  Cx 
ty p e s  as S e lb y  & M aitlan d  (1967)  dem onstrated  th e  Cl component 
o f  T . v i r i d e  to  be a g ly c o p r o t e i n  w i t h  a carbohydrate  :p r o t e i n  
r a t i o  o f  1 : 1 .  A lthough  t h i s  component was homogeneous on Sephadex  
G75, DEAE- and SE- Sephadex and m igrated  as a s i n g l e  p r o t e i n  
band du ring  d i s c  e l e c t r o p h o r e s i s ,  th e  p o s s i b i l i t y  rem ains th a t  
th e  m u l t ip l e  Cx components i s o l a t e d  by a number o f  w orkers as  
d e s c r ib e d  p r e v i o u s ly  may be due to  isoen zym es or  to  ca rb o h y d ra tes
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com plex ing  w ith  th e  p r o t e i n  m o i e t i e s  o f  Cx. Thus Jermyn (1 9 5 2 )  
found th a t  th e  ^ - g l u c o s i d a s e  o f  S ta o h y b o try s  a t r a  v/as d i s s o c i a b l e  
from th e  carb oh yd rate  component, and E r ik s s o n  & P e t e r s s o n  (19 6 8 )  
su cceed ed  i n  s e p a r a t in g  th e  carb oh yd rate  a s s o c i a t e d  v /ith  two 
c e l l u l o l y t i c  components o f  Stereum sa n g u in o len tu m , t h i s  p u r i f i c ­
a t i o n  r e n d e r in g  th e  tv/o components i n d i s t i n g u i s h a b l e  by i o n -  
exchange chromatography and e l e c t r o p h o r e s i s .  These r e s u l t s  
i n d ic a t e d  th a t  S . san gu ino len tu m  l i b e r a t e d  o n ly  a s i n g l e  c e l l u l o ­
l y t i c  component v/hen grown on powdered c e l l u l o s e ,  a th eo ry  
s u b s e q u e n t ly  confirm ed  by p h y s ic o -c h e m ic a l  c h a r a c t e r i z a t i o n s  
( B jo m d a l  & E r ik s s o n ,  1 9 6 8 ) ,  P e t e r s s o n  & Eaker (1 9 6 8 )  a l s o  
a ch ie v ed  s e p a r a t io n  o f  carb oh yd rate  from a Cx c e l l u l o l y t i c  enzyme 
from P é n i c i l l i u m  notatum  by chromatography on h y d r o x y l a p a t i t e . 
F u r th e r  s tu d y  o f  t h i s  enzyme by E r ik s s o n  & P e t e r s s o n  (1968 )  
d em on stra ted  th a t  a l th o u g h  the enzyme remained a c t i v e  fo l lo v / in g  
rem oval o f  c a r b o h y d r a te ,  th e  i n t e g r i t y  o f  d i s u lp h id e  b r id g e s  
betw een  p e p t id e  c h a in s  was e s s e n t i a l  f o r  a c t i v i t y  by m a in ta in in g  
th e  t e r t i a r y  s t r u c t u r e  o f  th e  m o le c u le .  I t  d oes  however seem  
l i k e l y  th a t  com plex ing  o f  s u b s t r a t e  and enzyme c o n t r ib u t e s  
markedly to  th e  t h e r m o s t a b i l i t y  e x h ib i t e d  by most c e l l u l o l y t i c  
enzyme s y s te m s .
I n  v ie w  o f  th e  w id esp rea d  n a tu r e  o f  such  com plexes  and th e  
l a c k  o f  s u c c e s s  i n  t h e i r  s e p a r a t io n  by the  m a jo r i ty  o f  w o r k e r s ,  
most o f  th e  m o le c u la r  w e ig h t  e s t im a t io n s  c a r r ie d  out on c e l l u l a s e  
components must i n e v i t a b l y  be i n  e x c e s s  o f  th e  pure enzymes* tru e  
d im e n s io n s .  N e v e r t h e l e s s ,  an e x tr e m e ly  wide v a r i a t i o n  o f  m o le c u la r  
w e ig h t s  has been r e p o r te d  f o r  th e  v a r io u s  components o f  m ic r o b ia l  
c e l l u l a s e s ,  v a r y in g  from 5 ,3 0 0  f o r  a component o f  M.v e r r u e a r i a  
(S e lb y  &c M a it la n d ,  1965) a c t i v e  a g a in s t  c o t t o n  to  4 0 0 ,0 0 0  i n  the
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c a s e  o f  P . s o l a n i  B - g lu c o s id a s e  (V/ood, 1 9 7 1 ) .  T h is  d em o n stra tes  
a n o th er  a p p a r e n t ly  c h a r a c t e r i s t i c  f e a t u r e  o f  c e l l u l a s e s  and 
o th e r  t y p i c a l l y  e x t r a c e l l u l a r  endoenzymes such  as mannanase 
and x y la n a s e  th a t  t h e s e  enzymes are g e n e r a l l y  found to  be s m a l le r  
than  th e  c o r r esp o n d in g  exoenzymes such  as p - g l u c o s i d a s e , m annosidase  
and x y l o s i d a s e  ( P e t e r s s o n  & P o r a th ,  1963; A h lgren  e t  a l , 1967;  
E r ik s s o n  Sc R zedow ski, 1 9 6 9 ) .  For th e  form er group i n s o l u b l e  
p o ly s a c c h a r id e s  are th e  normal s u b s t r a t e s  r e q u ir in g  sm a ll  enzyme 
m o le c u le s  f o r  e f f i c i e n t  s u b s t r a t e  p e n e t r a t i o n ,  w hereas th e  second  
group a c t s  p r e f e r e n t i a l l y  on s o l u b l e  s u b s t r a t e s .  Thus as m ight be 
p r e d ic t e d  on th e  b a s i s  o f  t h i s  i n v e r s e  r e l a t i o n s h i p ,  most o f  the  
Cx enzymes examined so  f a r  have e x h ib i t e d  apparent m o le c u la r  
w e ig h t s  o f  about 5 0 ,0 0 0  (W hitaker, C o lv in  & Cook, 1954; P e t e r s s o n  
& P o r a th ,  1963; King, 1966; S e lb y  8c M a it la n d ,  1965; N orkrans,
19 6 7 ) ,  and th e  c e l l u l a s e  system  o f  C. acremonium shows no d e v i a t i o n  
from t h i s  p a t t e r n ,  e s t i m a t e s  o f  m o le c u la r  w e ig h t s  b e in g  approx­
im a te ly  4 5 ,0 0 0  f o r  th e  CMC-ase and i n  e x c e s s  o f  2 0 0 ,0 0 0  f o r  th e  
p - g l u c o s i d a s e , The e s t im a te d  m o le c u la r  w e ig h t  o f  ap p ro x im a te ly  
1 1 ,0 0 0  f o r  th e  C x - c e l l u l a s e  component i s  r a t h e r  un ique f o r  such  
a Cx enzyme a lth o u g h  P e t e r s s o n  & P o r a th  (1 9 6 3 )  have i s o l a t e d  an 
enzyme o f  s i m i l a r  d im en s io n s  from P o ly p o r  us v e r s i c o l o r . U n l ik e  
th e  C x - c e l l u l a s e  component o f  C.acremonium how ever, t h i s  enzyme 
was n o t  shown to  be c a p a b le  o f  a t t a c k  on n a t i v e  c e l l u l o s e .
A lth ou gh  th e  Cl component might th u s  be ex p e c te d  to  be a m o le c u le  
o f  e x tr e m e ly  s m a ll  d im e n s io n s ,  S e lb y  & M aitland  (1967)  e s t im a te d  
th a t  t h i s  component i n  T . v i r i d e  p o s s e s s e d  a m o le c u la r  w e ig h t  o f  
a p p ro x im a te ly  6 1 ,0 0 0 .  A lthough  t h i s  i s  an apparent c o n t r a d i c t i o n  
o f  th e  g e n e r a l  s i z e  d i s t r i b u t i o n  o f  c e l l u l a s e  components i t  must 
be remembered th a t  i n  a l l  o f  th e  f o r e g o in g  work e s t im a t e s  o f
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m o le c u la r  w e ig h t  have been made on sam ples o f  enzymes w hich  had 
n o t  b een  p r e v i o u s ly  s e p a r a te d  from complexed c a r b o h y d r a te .  An 
i n d i c a t i o n  o f  th e  e x t e n t  to  w hich  such  e s t im a t e s  may th u s  be i n  
e r r o r  i s  p ro v id ed  by th e  work o f  King (1 9 6 6 )  and L i e t  a l  (1965 )  
who e s t im a te d  th e  m o le c u la r  w e ig h t  o f  an en d og lu can ase  to  be 
ap p ro x im a te ly  5 2 ,0 0 0  by s e d im e n ta t io n  d a ta  but o f  o n ly  2 6 ,0 0 0  
by amino a c id  a n a l y s i s .  T h is  l a t t e r  v a lu e  corresp on d s  c l o s e l y  
to  th e  m o le c u la r  w e ig h t  e s t im a t e s  f o r  th e  Cx enzyme o f  Stereum  
san gu ino len tu m  o b ta in e d  by B jo rn d a l & E r ik s s o n  (1 9 6 8 )  f o l l o w i n g  
s u c c e s s f u l  s e p a r a t io n  o f  th e  enzym e-carbohydrate  com p lex . Thus 
th e  Cl o f  T . v i r i d e  may i n  r e a l i t y  be a p r o t e in  m o le c u le  o f  much 
s m a l le r  d im en s io n s  than th a t  e n v isa g e d  by S e lb y  Sc. M aitlan d  ( 1 9 6 7 ) .  
S i m i l a r l y ,  s e p a r a t io n  o f  carb oh yd rate  from th e  C x - c e l l u l a s e  o f  
C. acremonium c o u ld  r e v e a l  an e x tr e m e ly  low m o lec u la r  w e ig h t  enzyme 
w hich  may e x p la i n  th e  a b i l i t y  o f  t h i s  component to  a t t a c k  n o t  
o n ly  s w o l le n  a c c e s s i b l e  forms o f  c e l l u l o s e  but a l s o  th e  more 
perm eable  r e g io n s  o f  n a t iv e  c o t t o n  f i b r e s .  I n  the  c a s e  o f  
M. v e r r u e  a r i a  (S e lb y  Sc M a it la n d ,  1965) th e  low m o le c u la r  w eigh t  
( 5 ,3 0 0 )  component a c te d  on c o t t o n  i n  c o n ju n c t io n  w ith  a n o th er  
component o f  m o le c u la r  w e ig h t  about 5 5 ,0 0 0 .  A lthough  th e  sm a ll  
enzyme was adsorbed  by c o t t o n  f i b r e s ,  no h y d r o ly s i s  was a p p a r e n t ly  
p o s s i b l e  by t h i s  component i n  i s o l a t i o n .  As the  C x - c e l l u l a s e  o f  
C.acremonium was a l s o  s t r o n g ly  adsorbed by c o t t o n  b u t was i n  
a d d i t io n  c a p a b le  o f  a t t a c k in g  t h i s  s u b s t r a t e  under s u i t a b l e  
c o n d i t i o n s  o f  tem perature  and pH, th e r e  would seem to  be an 
e x tr e m e ly  f i n e  d i v i d i n g  l i n e  betw een  th e  modes o f  a c t i o n  o f  t h e s e  
two enzym es, one o f  w hich i s  c a p a b le  o f  c o m p le te ly  d eg ra d in g  
c o t t o n  f i b r e s  t o  s o l u b l e  p ro d u c ts  w h i le  th e  o th e r  i s  more r e s t ­
r i c t e d  i n  i t s  a c t i o n .
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More in fo r m a t io n  on th e  a c c e s s i b i l i t y  o f  c e l l u l o s e  to  
m o le c u le s  o f  v a r y in g  d im en s io n s  has been  p ro v id ed  by Stone e_t 
a l , ( 1 9 6 9 ) who s u g g e s te d  th e  most l i k e l y  s i z e  f o r  a Cx enzyme 
m o le c u le  t o  be a p p ro x im a te ly  3 0 -4 0  S i n  d ia m e te r .  W hitaker ^  
a l  (1 9 5 4 )  had e a r l i e r  reached  th e  c o n c lu s io n  th a t  such  an enzyme 
from M,v e r r u e a r i a  w ith  a m o le c u la r  w e ig h t  o f  6 0 ,0 0 0  was e l l i p ­
s o i d a l  i n  s o l u t i o n  w ith  a l e n g t h  o f  200 £  and a d ia m eter  a t  i t s  
c e n t r e  o f  33 £ .  T h is  was i n  agreement w ith  S t o n e ’ s c a l c u l a t i o n s  
and a p p a r e n t ly  su g g e s te d  an endw ise p e n e t r a t io n  o f  th e  enzyme 
i n t o  th e  s u b s t r a t e  m o le c u le .  A lthough  t h i s  may seem i n h e r e n t l y  
u n l i k e l y .  S ton e has p o in te d  out th a t  th e  p o res  i n  s w o l le n  
c e l l u l o s e  p ro b a b ly  e x i s t  as  s l i t - l i k e  sp a c e s  and th a t  m o le c u la r  
s i e v e s  f r e q u e n t ly  s e p a r a te  e l l i p s o i d a l  m o le c u le s  a cco r d in g  to  
t h e i r  minor a x e s .  T h is  work th u s  d em o n stra tes  n o t  o n ly  th e  
a d van tages  p o s s e s s e d  by an enzyme m o le c u le  o f  s m a ll  d im en sion s  
but a l s o  r e - a f f i r m s  th e  im portance o f  th e  p o r o s i t y  o f  the  
s u b s t r a t e  i n  a d d i t io n  to  i t s  d egree  o f  c r y s t a l l i n i t y .  The 
c o n s id e r a b le  l i m i t a t i o n s  p la c e d  on th e  a c t i v i t y  o f  C.acremonium  
Cx-r-cellulase by th e  la c k  o f  p o r o s i t y  and th e  h ig h  d egree  o f  
c r y s t a l l i n i t y  i n  c o t t o n  f i b r e s  was r e f l e c t e d  i n  th e  o b s e r v a t io n  
th a t  enzyme s a t u r a t i o n  co u ld  n o t  be e a s i l y  a c h ie v e d  by t h i s  
s u b s t r a t e .
B o th  th e  CMC-ase and C x - c e l l u l a s e  components o f  C.acremonium  
are s u g g e s t e d  as b e in g  endoenzymic i n  n a tu re  by th e  r e s u l t s  
o b ta in e d  from paper  and column chromatography and v i s c o m e tr y  
s t u d i e s .  As n o ted  e a r l i e r ,  R eese  (1969 )  has proposed  a new method 
f o r  c o n f ir m in g  th e  mode o f  a c t i o n  o f  c e l l u l a s e  components based  
on t h e i r  r e l a t i v e  a c t i v i t i e s  tow ards c e l l o t e t r a o s e  and c e l l o b i o s e .  
The method i n v o l v e s  th e  e s t im a t io n  o f  g lu c o s e  by g lu c o s e  o x id a s e .
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and a lth o u g h  i t  was hoped th a t  t h i s  tech n iq u e  co u ld  co n f irm  
th e  mode o f  a t t a c k  by C. acremonium components i t  soon  became 
apparent th a t  th e  g lu c o s e  o x id a s e  p r e p a r a t io n  (BDH) i t s e l f  
c o n ta in e d  a p p r e c ia b le  h y d r o ly t i c  a c t i v i t y  towards c e l l o b i o s e .
T h is  p o s s i b l e  l a c k  o f  s p e c i f i c i t y  was n o t  m entioned by R e e s e ,  
and th e  method i s  th u s  i n v a l i d  u n l e s s  the hom ogeneity  o f  th e  
p r e p a r a t io n  has been  p r e v i o u s ly  co n f irm e d . There would seem to  
be no r e a s o n  a g a in s t  the  u se  o f  a l t e r n a t i v e  enzymic a n a ly s e s  
f o r  g lu c o s e  such  as h ex o k in a se  i n  ord er  to  r e l i e v e  su ch  p rob lem s.  
In  th e  c a s e  o f  th e  ^ - g l u c o s i d a s e  component i t  i s  n o t  p o s s i b l e  
on th e  b a s i s  o f  th e  a n a ly s e s  c a r r i e d  out to  s t a t e  w h eth er  t h i s  
i s  an en d o- or ex o -en zy m e, a l th o u g h  th e  r e s u l t s  o f  v i s c o m e t r i c  
s t u d i e s  would s u g g e s t  th e  form er .
I n  v iew  o f  th e  broad s u b s t r a t e  s p e c i f i c i t y  e x h ib i t e d  by 
th e  C x - c e l l u l a s e  component o f  C.acremonium i t  i s  d i f f i c u l t  t o  
o f f e r  an e x p la n a t io n  f o r  th e  s y n t h e s i s  o f  an a p p a ren t ly  
s u p e r f lu o u s  CMC-ase enzyme by t h i s  organ ism . A lthough  th e  CMC-ase 
component was found t o  e x h i b i t  a  g r e a t e r  a f f i n i t y  f o r  CMC than  
th e  C x - c e l l u l a s e ,  th e  d e g r a d a t io n  o f  t h i s  s u b s t i t u t e d  s u b s t r a t e  
by th e  l a t t e r  i s  q u i t e  ra p id  and o ccu rs  i n  a s i m i l a r  manner to  
th a t  brought about by th e  CMC-ase. A lthough CMC i s  n o t  a n a tu r a l  
s u b s t r a t e ,  the  manner and e x t e n t  to  w hich i t  i s  a t ta c k e d  p r o v id e s  
an i n s i g h t  i n t o  th e  p r o c e s s  o f  h y d r o l y s i s  o f  s o lu b le  in term e d ­
i a t e s  r e l e a s e d  from n a t i v e  c e l l u l o s e , and i t  i s  t h e r e f o r e  
u n l i k e l y  th a t  th e  l o s s  o f  the  CMC-ase component would be d e t r i ­
m ental to  th e  o rg a n ism ’ s  a b i l i t y  to  a t t a c k  c e l l u l o s e .  T h is  
phenomenon has b een  p r e v i o u s ly  n o ted  i n  th e  c a s e  o f  T . v i r i d e  
(S e lb y  & M a it la n d ,  1967) and T .k o n in g i i  (Wood, 1968) where low  
m o le c u la r  w e ig h t  CMC-ase components had no e f f e c t  on th e
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o r g a n ism s ’ c a p a c i t i e s  to  s o l u b i l i z e  c o t t o n .  I n  b o th  o f  t h e s e  
c a s e s  however a h ig h e r  m o le c u la r  w e ig h t  CMC-ase was an e s s e n t i a l  
com p o n en t'o f  th e  c e l l u l a s e  com p lex . C.acremonium i s  c o n s e q u e n t ly  
b e l i e v e d  t o  be u n ique i n  p o s s e s s i n g  a s i n g l e  enzyme ca p a b le  o f  
e x t e n s i v e  a t t a c k  on a v a r i e t y  o f  c e l l u l o s i c  s u b s t r a t e s  ran g in g  
i n  c o m p le x i ty  from n a t i v e  c o t t o n  f i b r e s  to  c e l l o t r i o s e .  In  
r e t r o s p e c t  i t  would have been i n t e r e s t i n g  to  determ ine th e  
M ic h a e l i s  c o n s t a n t s  f o r  th e  a c t i o n  o f  C x - c e l l u l a s e  on c e l l o t r i o s e  
and c e l l o t e t r a o s e .  A lth ou gh  th e  C x - c e l l u l a s e  i s  i n a c t i v e  towards  
c e l l o b i o s e ,  th e  c e l l u l a s e  com plex i s  com pleted  by a ^ - g l u c o s i d a s e  
component ca p a b le  o f  r a p id ly  h y d r o ly s in g  th e  d is a c c h a r id e  to  
g l u c o s e .  I t  i s  i n t e r e s t i n g  to  n o te  however th a t  w h i le  a lm ost  
a l l  th e  S - f a c t o r  a c t i v i t y  o f  C. acremonium f i l t r a t e s  was subseq uen­
t l y  found to  be due to  C x - c e l l u l a s e  a c t i o n ,  th e  CMC-ase component 
was c a p a b le  o f  p rod u cin g  q u i t e  s i g n i f i c a n t  l o s s e s  o f  t e n s i l e  
s t r e n g t h  i n  c o t t o n  f i b r e s  w ith o u t  any s im u lta n e o u s  m easu rab le  
s o l u b i l i z a t i o n .  C o n v e r s e ly ,  Wood (1968)  n o ted  th a t  th e  low  
m o le c u la r  w e ig h t  CMC-ase o f  T .k o n in g i i  s o l u b i l i z e d  c o t t o n  to  
a v e r y  l i m i t e d  e x t e n t  but made an a p p r e c ia b le  c o n t r ib u t io n  to  
th e  o v e r a l l  8 - f a c t o r  a c t i v i t y .
How adequate th en  are th e  components o f  th e  c e l l u l a s e  system  
o f  C .acremonium, and how w e l l  o r g a n iz e d  to  en a b le  t h i s  organism  
t o  degrade n a t iv e  c e l l u l o s i c  m a t e r i a l s ?  The p o s s i b i l i t y  o f  some 
s t r u c t u r a l  arrangem ents o f  enzyme m o le c u le s  on the  p e n e t r a t in g  
hyp hal s tr a n d s  has a lr e a d y  been  d i s c u s s e d ,  and i t  i s  i n t e r e s t i n g  
t o  n o te  th e  m ic r o sc o p ic  changes o ccu r in g  i n  c o t t o n  f i b r e s  during  
t h e i r  a t t a c k  by v i a b l e  c u l t u r e s  o f  C.acremonium. The most  
d i s t i n c t i v e  m o r p h o lo g ic a l  change i n  such  f i b r e s  i s  t h a t  o f  
i n c r e a s i n g  lumen s i z e  ( p l a t e s  3 -5  ) , a phenomenon which i s  i n
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c l o s e  agreement w ith  o b s e r v a t io n s  made by o th e r  w orkers th a t  
fu n g a l  a t t a c k  on c o t t o n  u s u a l l y  i n v o l v e s  the grow th  o f  hyphae 
w it h in  th e  lumen. T h is  i s  accompanied by com p lete  or  p a r t i a l  
d i s s o l u t i o n  o f  w a l l  m a t e r ia l  from w i t h i n ,  w ith  t r a n s v e r s e  
c r a c k in g  and s p i r a l  f i s s u r e s  v i s i b l e  a t  the  e a r l y  s t a g e s  
(N orkrans, 1 9 6 7 ) .  T h is  i s  i n  c o n t r a s t  to  b a c t e r i a l  a t t a c k  
w h ich  i s  u s u a l l y  i n i t i a t e d  from th e  o u te r  s u r fa c e  ( S iu ,  1 9 5 0 ) .
I n  s t u d i e s  on th e  d e s t r u c t i o n  o f  h a i r  by C hrysosporium  k e r a t i n -  
ophylum, E n g l i s h  (1969 )  found th a t  t h i s  organism  p r im a r i ly  
a t ta c k e d  th e  lumen by p e n e t r a t in g  th e  f i b r e s  w ith  b o r in g  h y p h a e- 
and "fronded" mycelium.- T h is  p h y s i c a l  p e n e t r a t io n  was fo l lo w e d  
s u b s e q u e n t ly  by enzymic h y d r o l y s i s  w ith  th e  h a i r  f i b r e  b e in g  
g r a d u a l ly  r e p la c e d  by m ycelium . I t  i s  th u s  p o s s i b l e  to  draw an 
a n a lo g y  betw een  th e  d e s t r u c t i o n  o f  h a ir  by t h i s  organism  and 
th e  d e g r a d a t io n  o f  c o t t o n  f i b r e s  by c e l l u l o l y t i c  m icro -o rg a n ism s  
a lth o u g h  i t  sh ou ld  be n o ted  t h a t  i n  th e  l a t t e r  c a s e  no s p e c i a l ­
i z e d  c e l l u l o s e  e r o d in g  organs have been o b se r v e d .  Norkrans (1967)  
h as con firm ed  th e  c o n s id e r a b le  m ech an ica l f o r c e s  in v o lv e d  i n  
hyphal p e n e t r a t io n  o f  s u b s t r a t e s  i n  th e  c a s e  o f  th e  b l u e - s t a i n i n g  
f u n g i  whose c lu b  shaped hyphal heads are p ro v id ed  w i th  s p e a r ­
l i k e  p r o j e c t i o n s  w h ich  are ca p a b le  o f  p e n e t r a t in g  m eta l  f o i l s .
I n  th e  c a s e  o f  C. acremonium however th e  p r e c i s e  mode and 
s i t e  o f  a c t io n  o f  th e  C x - c e l l u l a s e  component on c o t t o n  f i b r e s  
rem ains u n c e r t a i n .  T h is  a t t a c k  i s  c h a r a c t e r iz e d  by th e  fragm en t­
a t i o n  o f  th e  f i b r e  i n t o  numerous s h o r t  f i b r e s  w hich  are a p p a r e n t ly  
r e s i s t a n t  to  f u r t h e r  Cx a c t i o n .  A lthough  f i b r e  fr a g m e n ta t io n  
has been  p r e v i o u s ly  r e p o r te d  as a p r e l im in a r y  s ta g e  i n  th e  
d e g r a d a t io n  o f  c o t t o n  ( H a l l i w e l l , 1965) t h i s  was found t o  be 
r a p i d l y  fo l lo w e d  by s o l u b i l i z a t i o n  o f  th e  s m a ll  f i b r e s  i n  the
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c a s e  o f  T .k o n in g : i i . The o n ly  o t h e r  r e p o r t  o f  a m icro -o rg a n ism  
a t t a c k in g  c o t t o n  i n  a s i m i l a r  manner to  C. acremonium app ears  to  
be th a t  quoted by N orkrans (1 9 6 7 )  o f  a b row n-rot fun gus P o r ia  
m o n t ic o l a , w hich l e a v e s  c e l l u l o s e  e n t i t i e s  o f  about c r y s t a l l i t e  
s i z e  u n a t ta c k e d .  The r e s i d u a l  s h o r t  f i b r e s  observed  i n  c u l t u r e s  
o f  C.acremonium are  however o f  c o n s id e r a b ly  g r e a t e r  m agn itu d e ,  
and more c l o s e l y  resem b le  th o s e  l i b e r a t e d  by T .k o n in g i i  w hich  
were up to  3mm i n  l e n g t h  ( H a l l i w e l l ,  1 9 6 5 ) .  A lthough c e l l - f r e e  
e x t r a c t s  o f  C « acremonium were c a p a b le  o f  l i b e r a t i n g  s o l u b l e  
su g a rs  from n a t i v e  c o t t o n ,  s h o r t  f i b r e s  were o n ly  produced i n  
th e  p r e s e n c e  o f  th e  v i a b l e  organ ism . Such r e s t r i c t e d  s o l u b i l ­
i z a t i o n  has been p r e v i o u s ly  r e p o r te d  by S e lb y ,  M aitland  & Thompson 
( 1 9 6 3 ) u s in g  e x t r a c t s  from M .v e r r u c a r ia ? t h e s e  w orkers a t t r i b ­
u t in g  th e  lov/ a c t i v i t y  to  l o c a l i s e d  a t t a c k  on th e  c e l l u l o s e  and 
t o  enzyme im m o b il i ty  i n  c r y s t a l l i n e  r e g io n s  o f  the  s u b s t r a t e .
I f  t h i s  i s  th e  c a s e  w i th  C. acremonium, th e  r e s id u a l  s h o r t  f i b r e s  
would be ex p e c te d  to  p o s s e s s  a h ig h e r  average  d egree  o f  
c r y s t a l l i n i t y  than  th e  o r i g i n a l  c o t t o n .  Such an i n c r e a s e  i n  
r e l a t i v e  c r y s t a l l i n i t y  has been  p r e v i o u s ly  n oted  s e v e r a l  t im e s  
(N ork ran s, 1950a , 1950b; W a ls e th ,  1952; Kaplan e t  a l , 1 9 7 0 ) ,
W ith th e  f a c i l i t i e s  a v a i l a b l e  f o r  t h i s  i n v e s t i g a t i o n  how ever .
X -ray  c r y s t a l l o g r a p h y  f a i l e d  to  produce any e v id e n c e  o f  in c r e a s e d  
c r y s t a l l i n i t y  i n  th e  r e s id u a l  f i b r e s  a l th o u g h  r e f r a c t i v e  in d ex  
s t u d i e s  s u g g e s te d  t h a t  such an in c r e a s e  had o c cu rr ed .
T h is  p a t t e r n  o f  d e g r a d a t io n  may c o n s e q u e n t ly  be b e l i e v e d  
to  i n d i c a t e  enzymic a t t a c k  by C x - c e l l u l a s e  on i s o l a t e d  a r e a s  o f  
th e  c o t t o n  f i b r e ,  and th a t  t h e s e  a rea s  c o n s i s t  m ain ly  o f  more 
a c c e s s i b l e  and c o n s e q u e n t ly  more r e a c t i v e  amorphous c e l l u l o s e .
Some c o n f u s io n  now e x i s t s  however i n  e q u a t in g  a c c e s s i b i l i t y  o f
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c e l l u l o s e  w ith  i t s  amorphous f r a c t i o n ,  and S tone  e t  a l  (1 9 6 9 )  
are  o f  th e  o p in io n  th a t  a n y  c o r r e l a t i o n  found betw een  th e  
amount o f  amorphous c e l l u l o s e  i n  a sample and i t s  s u s c e p t i b i l i t y  
to  a t t a c k  by c e l l u l a s e  i s  c o i n c i d e n t a l  d e s p i t e  the f a c t  th a t  
as  c o t t o n  i s  d e c r y s t a l l i z e d  i t  becomes i n c r e a s i n g l y  r e a c t i v e  
(R e e s e ,  S e g a l  & T r ip p ,  1 9 5 7 ) .  R a u te la  k  King (1968)  however  
s t u d ie d  th e  in d u c t io n  and a c t i o n  o f  c e l l u l a s e s  on a v a r i e t y  o f  
c r y s t a l  ty p e s  o f  c e l l u l o s e  and found th a t  th e  c r y s t a l  s t r u c t u r e  
a s  w e l l  as th e  c r y s t a l l i n i t y  o f  th e  c e l l u l o s e  remained l a r g e l y  
unchanged du ring  i t s  d i s s o l u t i o n .  I t  i s  i n t e r e s t i n g  to  n o te  th a t  
t h e s e  w orkers a l s o  ob served  f i b r e  fr a g m e n ta t io n  by e l e c t r o n  
m icro sco p y  and found th a t  th e  enzymic d e g r a d a t io n  o f  c e l l u l o s e  
in v o lv e d  fr a g m e n ta t io n  w hich appeared to  be i n i t i a t e d  by th e  
fo r m a t io n  o f  l o n g t i t u d i n a l  f i s s u r e s .  S ton e e t  a l  (19 6 9 )  b e l i e v e  
however th a t  th e  p o r o s i t y  o f  th e  s u b s t r a t e  i s  th e  most im p ortan t  
f a c t o r  g o v ern in g  su bseq u en t enzymic a t t a c k ,  and i t  may be p o s s i b l e  
t h a t  th e  d e g r a d a t io n  o f  c o t t o n  by the C x - c e l l u l a s e  o f  C. acremonium  
o c c u r s  a t  a rea s  c o n s i s t i n g  o f  h ig h ly  porous but c r y s t a l l i n e  
m a t e r i a l .  The a n a l y t i c a l  t e c h n iq u e s  u sed  to  e s t a b l i s h  any in c r e a s e  
i n  d eg ree  o f  c r y s t a l l i n i t y  f o l l o w i n g  d e g r a d a t io n  i n  t h i s  i n v e s t ­
i g a t i o n  were u n f o r t u n a t e l y  i n s u f f i c i e n t l y  s e n s i t i v e  t o  a s c e r t a i n  
w hich  ty p e  o f  m a t e r ia l  had undergone a t t a c k .  A lthough t h i s  i s  
a p o in t  w hich  r e q u ir e s  c l e i r i f i c a t i o n  i t  seems a lm ost c e r t a i n  
th a t  th e  s i t e s  o f  a t t a c k  are a r e a s  o f  c e l l u l o s e  w hich are  
s u f f i c i e n t l y  a c c e s s i b l e  to  a l lo w  i n g r e s s  and d i f f u s i o n  o f  th e  
r e l a t i v e l y  sm a ll  C x - c e l l u l a s e  m o le c u le s .  I f  such  a rea s  are  
numerous and d i s t r i b u t e d  randomly throughout th e  f i b r e ,  a t t a c k  
a t  t h e s e  s i t e s  would account f o r  th e  ra p id  o v e r a l l  l o s s  o f  
t e n s i l e  s t r e n g t h  and th e  e v e n tu a l  fra g m e n ta t io n  o f  th e  f i b r e .
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The s o l u b l e  p o ly m er ic  su g a rs  r e l e a s e d  by th e  a c t i o n  o f  th e  
C x - c e l l u l a s e  co u ld  th en  be d ep o lym erized  by t h i s  same enzyme 
o r  by th e  CMC-ase component to  y i e l d  sh o r t  c h a in  o l i g o s a c c h a r id e s  
and c e l l o b i o s e  on w hich  ^ - g l u c o s i d a s e  i s  p red om in an tly  a c t i v e .
I t  w i l l  be n o ted  th a t  t h i s  e x t e n s iv e  d e g r a d a t io n  o ccu rs  w ith o u t  
th e  a id  o f  a Cl enzyme, and more r e c e n t l y  H a l l i w e l l  and R iaz  
(1 9 7 1 )  have shown t h a t  th e  sh o r t  f i b r e  form ing a c t i v i t y  o f  
T .k o n in g i i  f i l t r a t e s  i s  n o t  a s s o c i a t e d  w ith  th e  Cl component o f  
t h i s  organ ism  but i s  due t o  a s e p a r a te  enzyme s p e c i e s  w hich  
t h e s e  w orkers  termed C2, I n  a d d i t io n  to  t h e s e  two enzym es,  
T .k o n in g i i  f i l t r a t e s  a l s o  c o n ta in e d  CMC-ase and c e l l o b i a s e  
enzym es. By d is r e g a r d in g  th e  01 enzyme c o n s id e r a b le  s i m i l a r i t i e s  
betw een  th e  enzyme sy ste m s  o f  T .k o n in ^ i i  and C.acremonium th us  
become a p p a r e n t ,  p a r t i c u l a r l y  i n  th e  c a s e  o f  th e  C2 and C x - c e l l ­
u l a s e  enzym es. As n o te d  e a r l i e r ,  Wood (1968)  s u g g e s te d  t h a t  i n  
v iew  o f  th e  s i m i l a r i t i e s  e x h ib i t e d  by th e  c e l l u l a s e  sy ste m s  o f  
T . v i r i d e  (S e lb y  & M a it la n d ,  1 9 6 7 ) ,  T .k o n in g i i  (Wood, 1968) and 
F . s o l a n i  (Wood, 1969) i t  was p o s s i b l e  th a t  th e r e  e x i s t e d  a 
fundam ental mechanism f o r  th e  d e g r a d a t io n  o f  n a t iv e  c e l l u l o s e  
r a t h e r  th an  a random m ix tu re  o f  enzym es. The c e l l u l a s e  enzyme 
system  o f  C « acremonium has th u s  been  shovm to  conform c l o s e l y  
t o  t h i s  mechanism i n  many r e s p e c t s ,  a lth o u g h  a ttem p ts  to  
dem on strate  c r o s s - s y n e r g i s m  betw een  i s o l a t e d  components o f  
C,acremonium and th o s e  o f  th e  o th e r  organism s were n o t  made,
C. acremonium rem ains  th e  "odd man out" o f  th e  organism s  
d e s c r ib e d  above i n  t h a t  i t  l a c k s  a Cl enzyme, and i t  i s  an 
i n t r u i g i n g  thought t h a t  th e  Cephalosporium  may be an organism  
i n  the  upward e v o lu t io n a r y  p r o c e s s  o f  e v o lv in g  a com p lete  
spectrum  o f  c e l l u l o l y t i c  com ponents.
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